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EP 2 055 366 B1
Description
BACKGROUND OF THE INVENTION
(a) Field of the Invention
[0001] This invention relates to catalyst-supported particulate filters.
(b) Description of Related Art

[0002] Exhaust gases from diesel engines using fuels containing diesel oil as a main component and exhaust gases
from gasoline engines using fuels containing gasoline as a main component to burn them under fuel-lean conditions are
known to contain not only hydrocarbons (HC), carbon monoxide (CO) and nitrogen oxides (NOx), but also particulates
(suspended particulate matters containing carbon particles). To restrain particulates in exhaust gas from being exhausted
to the atmosphere, afilter for trapping the particulates is disposed in an exhaust gas passage of such an engine. However,
when the amount of particulates deposited on the filter becomes large, this causes deterioration of engine power and
fuel efficiency. Therefore, in this case, it is necessary to burn the deposited particulates as appropriate to remove them
from the filter.

[0003] To effectively burn such deposited particulates (ignite the particulates at relatively low temperature and burn
them out in a short period of time), a catalyst layer containing alumina carrying platinum (Pt) as a catalytic metal is
formed on the walls of exhaust gas channels in the body of such a filter. Such Pt-carried alumina is effective in burning
particulates as well as converting HC and CO, but there have been recently developed catalyst materials for filters
capable of more efficiently burning particulates.

[0004] Published Japanese Patent Application No. 2006-326573 describes the use of such a catalyst material in a
filter. The catalyst material is a material in which a catalytic metal, such as Pt, is carried on a mixed oxide (composite
oxide) containing cerium (Ce), zirconium (Zr) and a rare earth metal R selected from among praseodymium (Pr), neo-
dymium (Nd) and lanthanum (La). The published document also describes that the content of R in the mixed oxide is
preferably 2% to 11% by mole, both inclusive. Since such a mixed oxide contains Ce, it has oxygen storage/release
capacity so that oxygen released from the mixed oxide promotes ignition and burning of particulates.

[0005] Published Japanese Patent Application No. 2007-54713 describes the use of another catalyst material in a
filter. The catalyst material is a material in which a catalytic metal is carried on mixed oxide ZrRO particles containing
Zr and a rare earth metal R selected from among ytterbium (Yb), Nd and scandium (Sc) and having an R content of up
to 18% by mole and mixed oxide CeMO particles containing Ce and a rare earth metal M selected from among samarium
(Sm) and gadolinium (Gd). The ZrRO particles have oxygen ion conductivity to thereby release active oxygen but their
oxygen release mechanism is different from that of CeZr-based mixed oxides as disclosed in Published Japanese Patent
Application No. 2006-326573.

[0006] Specifically, CeZr-based mixed oxides have high oxygen storage capacity and release active oxygen by the
valence change of Ce ions. On the other hand, the ZrRO particles have oxygen ion conductivity, i.e., so-called oxygen
pumping function, and, when having both of high-oxygen concentration sites and low-oxygen concentration sites on the
particle surfaces, transport oxygen ions from high-oxygen concentration sites to low-oxygen concentration sites and
then release them as active oxygen.

[0007] Therefore, for the ZrRO particles, when a small ignition site causing particulates to burn is formed on their
surface and then falls into lack of oxygen, oxygen is transported from other high-oxygen concentration sites. Thus, the
burning is continued and the burning region on each particle can be easily extended from the ignition site to the surrounding
sites.

[0008] Published Japanese Patent Application No. 2007-83224 describes the use of still another catalyst material in
a filter. The catalyst material is a material in which a catalytic precious metal is carried on ZrRO having oxygen ion
conductivity as stated above and alumina.

[0009] Published Japanese Patent Application No. 2007-98200 describes a method for manufacturing a catalyst
material for converting exhaust gas components. In this method, an excessive amount of aqueous ammonia is first
added to a mixture of an aqueous solution of aluminium nitrate and an aqueous solution of lanthanum nitrate to precipitate
a fist hydroxide containing Al and La. Next, a mixture of an aqueous solution of cerium nitrate and an aqueous solution
of zirconium nitrate is further added to the above mixture to precipitate a second hydroxide containing Ce and Zr over
the precipitate of the first hydroxide. Then, the obtained precipitate of the first and second hydroxides is filtrated, dried
and calcined. According to this method, a catalyst material is obtained in which each of activated alumina particles
containing La forms a core and the whole surface of the core is covered with a Ce-Zr mixed oxide serving as a shell.
[0010] Published Japanese Patent Application No. 2005-313029 discloses that metal oxide particles each including
a core containing a large proportion of zirconia and a shell containing a large proportion of seria are used for an exhaust
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gas purification catalyst, wherein the core and shell are each composed of a plurality of primary particles, the diameter
of the primary particles of the shell is smaller than that of the primary particles of the core and each of the primary
particles of the core or the shell is made of a seria-zirconia solid solution or contains yttrium (Y).

[0011] EP-A-0 856 350 relates to an exhaust gas purifying catalyst comprising an alumina base material with active
alumina particles partly bonded together by thermal treatment, a principal catalytic and at least one of auxiliary catalytic
materials selected from barium (Ba), lanthanum (La), zirconium (Zr) and neodymium (Nd) supported by said alumina
base material.

SUMMARY OF THE INVENTION

[0012] The above CeZr-based mixed oxide particles having oxygen storage capacity and the above Zr-based mixed
oxide particles having oxygen ion conductivity promote the conversion of HC and CO by oxidation and also promote the
ignition and burning of particulates deposited on the filter. These mixed oxide particles, however, have the following
problems.

[0013] These mixed oxide particles can be obtained by a coprecipitation method in which a basic solution is added to
and mixed with an acid solution containing metal ions, such as Ce or Zr, to obtain a precipitate and the precipitate is
dried and calcined. In this case, primary particles of a mixed oxide are formed by calcining the precipitate and secondary
particles are formed by cohesion and growth of the primary particles. If such mixed oxide secondary particles are exposed
to high-temperature exhaust gas, they further cohere and grow to reduce their specific surface areas. Thus, exhaust
gas is prevented from smoothly diffusing into the insides of the particles and in turn catalytic metal particles are buried
in the particles or cohere, which deteriorates the HC and CO conversion performance and the particulate burning property.
[0014] Furthermore, for CeZr-based mixed oxide particles having oxygen storage capacity, oxygen storage and release
occur mainly at their surfaces and their insides are hardly involved in oxygen storage and release. Therefore, if the
particle size increases, each particle increases the internal volume not used for oxygen storage and release and ac-
cordingly deteriorates the oxygen storage/release efficiency.

[0015] For Zr-based mixed oxide particles having oxygen ion conductivity, if the particle size increases, each particle
increases the distance for which an oxygen ion is conducted from a high-oxygen concentration site on the surface through
the inside to a low-oxygen concentration site on the surface and the oxygen concentration gradient in the inside of the
particle decreases. As a result, the oxygen ion conductivity of the particle deteriorates and the amount of oxygen supplied
from the inside of the particle is reduced.

[0016] For the catalyst material disclosed in Published Japanese Patent Application No. 2007-98200, the Ce-Zr mixed
oxide particles serving as a shell have relatively small particle size and the activated alumina particle serving as a core
also has a small particle size (approximately 0.05 wm at maximum). The reason for this is as follows. The precursor of
the activated alumina primary particle is a precipitated particle of a hydroxide containing Al and La. A hydroxide containing
Ce and Zr (a Ce-Zr mixed oxide precursor) precipitates over the precipitated particle serving as the precursor of the
primary particle to cover the precipitated particle. As a result, the Ce-Zr mixed oxide prevents cohesion of activated
alumina particles, whereby the activated alumina particles have small particle size.

[0017] Thus, the whole surface of each activated alumina particle is covered with Ce-Zr mixed oxide particles. There-
fore, the catalytic metal is carried on the Ce-Zr mixed oxide particles but hardly carried on the activated alumina particles
serving as cores. As a result, the activated alumina particles are not effectively used as a support material allowing the
catalytic metal to be carried on the catalyst with high dispersivity, whereby the catalyst cannot be expected to provide
a high catalytic activity.

[0018] On the other hand, oxides disclosed in Published Japanese Patent Application No. 2005-313029, such as
zirconia, a seria-zirconia solid solution or an oxide containing Y in addition to zirconia or the seria-zirconia solid solution,
cannot be expected to exhibit high oxygen ion conductivity and in turn high particulate burning property or high catalytic
activity.

[0019] Withthe foregoingin mind, anobject of the inventionis to provide a catalyst-supported particulate filter enhancing
the conversion performance for exhaust gas components (including HC, CO and particulates) and enhancing the heat
resistance of the catalyst material.

[0020] Specifically, an aspect of the present invention is a catalyst-supported particulate filter in which a catalyst layer
is formed on the walls of exhaust gas channels in afilter body for trapping particulates exhausted from an engine, wherein
the catalyst layer contains a catalyst material containing at least two kinds of primary particles selected from the group
consisting of: primary particles of activated alumina; primary particles of a ZrNd-based mixed oxide containing Zr, Nd
and a rare earth metal M other than Ce and Nd; and primary particles of a CeZr-based mixed oxide containing Ce, Zr
and a rare earth metal the catalyst material is formed so that primary particles of ZrNd-based mixed oxide and the CeZr-
based mixed oxide are dispersedly carried on the surface of each of secondary particles being formed by cohesion of
at least one kind of primary particles selected from the group consisting of primary particles of activated alumina and
primary particles of the ZrNd-based mixed oxide or so that primary particles of the ZrNd-based mixed oxide are dispersedly
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carried on the surface of each of secondary particles formed by cohesion of at least one kind of primary particles selected
from the group consisting of primary particles of activated alumina and primary particles of the CeZr-based mixed oxide:
Pt is carried as a catalytic metal on the secondary particles.

[0021] In a preferred embodiment of the present invention, each of the secondary particles is formed by cohesion of
primary particles of activated alumina, primary particles of the ZrNd-based mixed oxide are dispersedly carried on the
surface of each of the secondary particles, and each of the primary particles of the ZrNd-based mixed oxide contains
ZrO, at a proportion of 55% by mole inclusive to 90% by mole exclusive.

[0022] Primary particles of the ZrNd-based mixed oxide have oxygen ion conductivity and are dispersedly carried on
the surface of each secondary particle containing activated alumina particles. Therefore, even if exposed to high-tem-
perature exhaust gas, the primary particles of the ZrNd-based mixed oxide are less likely to cohere and grow, unlike the
case where the ZrNd-based mixed oxide is formed into secondary particles, and are thereby prevented from significantly
deteriorating the oxygen ion conductivity.

[0023] Furthermore, since the ZrNd-based mixed oxide particles are carried in the form of small primary particles on
each secondary particle, they have a larger specific surface area than when they are formed into large secondary
particles. Thus, the amount of oxygen ions supplied from high-oxygen concentration sites on the particle surface to low-
oxygen concentration sites thereon increases, which is advantageous in promoting the oxidation of HC and CO and the
burning of particulates.

[0024] In addition, when a catalytic metal is carried on the catalyst material of this embodiment, the catalytic metal is
carried not only on the ZrNd-based mixed oxide particles but also on activated alumina particles exposed through spaces
between adjacent ZrNd-based mixed oxide particles. Therefore, the activated alumina particles having large specific
surface area effectively act as a support material for carrying the catalytic metal with high dispersivity, whereby oxidation
of HC and CO in exhaust gas and oxidation of NO in exhaust gas into NO, can be accomplished using the catalytic
metal carried on the activated alumina particles. Furthermore, heat produced by oxidation reaction of these exhaust gas
components promotes the burning of the particulates and produced NO, serves as an oxidizing agent for efficiently
burning the particulates. Furthermore, the catalytic metal effectively acts to promote the conduction of oxygen ions in
the ZrNd-based mixed oxide particles, and active oxygen released from the ZrNd-based mixed oxide particles is efficiently
used when the catalytic metal promotes the oxidation of HC and CO and the burning of particulates.

[0025] Each of the primary particles of the ZrNd-based mixed oxide preferably contains ZrO, at a proportion of 55%
by mole inclusive to 90% by mole exclusive. This provides high particulate burning property while enhancing HC and
CO conversion performance at low temperatures and prevents a large amount of CO from being produced during burning
of particulates.

[0026] The proportion of the primary particles of the ZrNd-based mixed oxide in the total amount of the primary particles
of activated alumina and the primary particles of the ZrNd-based mixed oxide is preferably 20% to 90% by mass, both
inclusive. This provides high particulate burning property while enhancing HC and CO conversion performance at low
temperatures. More preferably, the proportion of the ZrNd-based mixed oxide primary particles is 25% to 50% by mass,
both inclusive.

[0027] Examples of the rare earth metal M contained in the ZrNd-based mixed oxide particle include La, Pr, Sm, Gd
and Y. What is preferable in enhancing the exhaust gas conversion performance and the particulate burning property
is the use of at least one selected from the group consisting of La and Pr. In this case, the content of M,0O5 (the oxide
of the rare earth metal M) in each ZrNd-based mixed oxide particle is preferably 20% by mole or less in order to reduce
the amount of CO produced during burning of particulates.

[0028] Each of the secondary particles may be formed by cohesion of only primary particles of activated alumina or
may be formed by cohesion of a mixture of primary particles of the CeZr-based mixed oxide and primary particles of
activated alumina. In the latter case, each of the primary particles of the CeZr-based mixed oxide preferably contains
CeO, at a proportion of 20% to 45% by mole, both inclusive, and each of the primary particles of the ZrNd-based mixed
oxide preferably contains ZrO, at a proportion of 55% to 75% by mole, both inclusive. The activated alumina may contain
about 3% to 6% by mass of La,O5 in order to enhance its heat resistance.

[0029] It is believed that when CeZr-based mixed oxide particles are used in a three-way catalyst repeating oxygen-
rich conditions (fuel-lean conditions) and oxygen-lean conditions (fuel-rich conditions), they store oxygen under fuel-
lean conditions and release oxygen under fuel-rich conditions. However, CeZr-based mixed oxide particles perform
"oxygen exchange reactions" in which even under fuel-lean conditions they release active oxygen from inside the particle
while taking oxygen into inside the particle (see Published Japanese Patent Application No. 2007-190460 filed in Japan
by the Applicant). Therefore, the CeZr-based mixed oxide particles release active oxygen by the valence change of Ce
ions even in an oxygen-rich gas atmosphere. This is advantageous in promoting the oxidation of HC and CO and the
burning of particulates.

[0030] Ptis carried as a catalytic metal on the secondary particles (the secondary particles of activated alumina or
the secondary particles each formed by cohesion of a mixture of primary particles of the CeZr-based mixed oxide and
primary particles of activated alumina). When Pt is carried on the activated alumina particles, this is advantageous in
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oxidation of NO in exhaust gas into NO,. Thus, particulates can be efficiently burned using NO, as an oxidizing agent.
[0031] Inanother preferred embodiment of the present invention, each of the secondary particles is formed by cohesion
of primary particles of activated alumina, primary particles of the CeZr-based mixed oxide are dispersedly carried on
the surface of each of the secondary particles, and each of the primary particles of the CeZr-based mixed oxide contains
CeO, at a proportion of 15% to 60% by mole, both inclusive.

[0032] Primary particles of the CeZr-based mixed oxide have oxygen storage capacity and are dispersedly carried on
the surface of each secondary particle containing activated alumina particles. Therefore, even if exposed to high-tem-
perature exhaust gas, the primary particles of the CeZr-based mixed oxide are less likely to cohere and grow, unlike the
case where the CeZr-based mixed oxide is formed into secondary particles, and are thereby prevented from significantly
deteriorating the oxygen storage capacity.

[0033] Furthermore, since the CeZr-based mixed oxide particles are carried in the form of small primary particles on
each secondary particle, they have a larger specific surface area than when they are formed into large secondary
particles. Therefore, the CeZr-based mixed oxide particles have high oxygen storage/release efficiency. Furthermore,
the CeZr-based mixed oxide particles release active oxygen by the above-stated "oxygen exchange reaction" even in
an oxygen-rich gas atmosphere. This is advantageous in promoting the oxidation of HC and CO and the burning of
particulates.

[0034] In addition, when a catalytic metal is carried on the catalyst material of this embodiment, the catalytic metal is
carried not only on the CeZr-based mixed oxide particles but also on activated alumina particles exposed through spaces
between adjacent CeZr-based mixed oxide particles. Therefore, as in the case where primary particles of the ZrNd-
based mixed oxide are dispersedly carried on each of secondary particles of activated alumina, oxidation of HC and CO
in exhaust gas and oxidation of NO in exhaust gas into NO, can be accomplished using the catalytic metal carried on
the activated alumina particles. Furthermore, heat produced by oxidation reaction of these exhaust gas components
promotes the burning of the particulates and produced NO, serves as an oxidizing agent for efficiently burning the
particulates. Furthermore, the catalytic metal effectively acts to promote the storage and release of oxygen in the CeZr-
based mixed oxide particles, and active oxygen released from the CeZr-based mixed oxide particles is efficiently used
when the catalytic metal promotes the oxidation of HC and CO and the burning of particulates.

[0035] Each of the primary particles of the CeZr-based mixed oxide preferably contains CeO, at a proportion of 15%
to 60% by mole, both inclusive. This provides high particulate burning property while enhancing HC and CO conversion
performance at low temperatures. The proportion of CeO, is more preferably 20% to 55% by mole, both inclusive, and
still more preferably 20% to 45% by mole, both inclusive.

[0036] The proportion of the primary particles of the CeZr-based mixed oxide in the total amount of the primary particles
of activated alumina and the primary particles of the CeZr-based mixed oxide is preferably 30% to 90% by mass, both
inclusive. This provides high particulate burning property while enhancing HC and CO conversion performance at low
temperatures. The proportion of the primary particles of the CeZr-based mixed oxide is more preferably 35% to 75% by
mass, both inclusive, and still more preferably 35% to 50% by mass, both inclusive.

[0037] Each of the secondary particles may be formed by cohesion of only primary particles of activated alumina or
may be formed by cohesion of a mixture of primary particles of the ZrNd-based mixed oxide and primary particles of
activated alumina. In the latter case, each of the primary particles of the ZrNd-based mixed oxide preferably contains
ZrO, at a proportion of 55% to 75% by mole, both inclusive, and each of the primary particles of the CeZr-based mixed
oxide preferably contains CeO, at a proportion of 20% to 45% by mole, both inclusive. The activated alumina may
contain about 3% to 6% by mass of La,Oj3 in order to enhance its heat resistance.

[0038] Pt is preferably carried as a catalytic metal on the secondary particles (the secondary particles of activated
alumina or the secondary particles each formed by cohesion of a mixture of primary particles of the ZrNd-based mixed
oxide and primary particles of activated alumina). When Pt is carried on the activated alumina particles, this is advan-
tageous in oxidation of NO in exhaust gas into NO,. Thus, particulates can be efficiently burned using NO,, as an oxidizing
agent.

[0039] Examples of the rare earth metal R contained in the CeZr-based mixed oxide particle include La, Nd, Pr, Sm,
Gd and Y. What is preferable in enhancing the particulate burning property is the use of at least one selected from the
group consisting of Nd, La, Prand Y.

[0040] In still another preferred embodiment of the present invention, each of the secondary particles is formed by
cohesion of primary particles of the ZrNd-based mixed oxide, primary particles of the CeZr-based mixed oxide are
dispersedly carried on the surface of each of the secondary particles, and the proportion of the ZrNd-based mixed oxide
in the total amount of the ZrNd-based mixed oxide and the CeZr-based mixed oxide is 20% to 75% by mass, both inclusive.
[0041] Since secondary particles of the ZrNd-based mixed oxide contain Nd and another rare earth metal M, they
have high oxygen ion conductivity. Therefore, oxygen ions are efficiently supplied from high-oxygen concentration sites
on the particle surface to low-oxygen concentration sites thereon, which is advantageous in promoting the oxidation of
HC and CO and the burning of particulates.

[0042] On the other hand, primary particles of the CeZr-based mixed oxide have oxygen storage capacity and are
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dispersedly carried on the surface of each secondary particle of the ZrNd-based mixed oxide. Therefore, even if exposed
to high-temperature exhaust gas, the primary particles of the CeZr-based mixed oxide are less likely to cohere and grow,
unlike the case where the CeZr-based mixed oxide is formed into secondary particles, and are thereby prevented from
significantly deteriorating the oxygen storage capacity.

[0043] In addition, since the CeZr-based mixed oxide particles are carried in the form of small primary particles on
each secondary particle, they have high oxygen storage/release efficiency as described previously. Furthermore, the
CeZr-based mixed oxide particles release active oxygen by the above-stated "oxygen exchange reaction" even in an
oxygen-rich gas atmosphere. This is advantageous in promoting the oxidation of HC and CO and the burning of partic-
ulates.

[0044] Contrary to this embodiment, it is conceivable that primary particles of the ZrNd-based mixed oxide are dis-
persedly carried on the surface of each secondary particle of the CeZr-based mixed oxide. For CeZr-based mixed oxide
particles, however, oxygen storage and release occur mainly at their surfaces and their insides are hardly involved in
oxygen storage and release. Therefore, if the particles grow to secondary particles to increase the particle size, each
particle increases the internal volume not used for oxygen storage and release and accordingly deteriorates the oxygen
storage/release efficiency, which does not provide desired performance.

[0045] In addition, when a catalytic metal is carried on the catalyst material of this embodiment, the catalytic metal is
carried not only on the CeZr-based mixed oxide particles but also on ZrNd-based mixed oxide secondary particles
exposed through spaces between adjacent CeZr-based mixed oxide particles. Therefore, the catalytic metal effectively
acts to promote the oxygen storage and release in the CeZr-based mixed oxide particles and the conduction of oxygen
ions in the ZrNd-based mixed oxide particles, and active oxygen released from the particles of both the mixed oxides is
efficiently used when the catalytic metal promotes the oxidation of HC and CO and the burning of particulates.

[0046] The proportion of the ZrNd-based mixed oxide in the total amount of the ZrNd-based mixed oxide and the CeZr-
based mixed oxide is preferably 20% to 75% by mass, both inclusive. This provides high particulate burning property
while enhancing HC and CO conversion performance at low temperatures. More preferably, the proportion of the ZrNd-
based mixed oxide is 25% to 67% by mass, both inclusive. The ZrNd-based mixed oxide preferably contains ZrO, at a
proportion of 55% to 75% by mole, both inclusive, and the CeZr-based mixed oxide preferably contains CeO, at a
proportion of 20% to 45% by mole, both inclusive.

[0047] Pt is preferably used as a catalytic metal that is to be carried on each secondary particle of the ZrNd-based
mixed oxide.

[0048] Furthermore, the catalyst layer preferably contains, in addition to the catalyst material in which primary particles
of the CeZr-based mixed oxide are dispersedly carried on the surface of each secondary particle of the ZrNd-based
mixed oxide, a catalyst componentin which Ptis carried on activated alumina particles. The catalyst component promotes
the oxidation of NO in exhaust gas into NO,. Thus, particulates can be efficiently burned using NO, as an oxidizing agent.
[0049] Also in this embodiment, each of the primary particles of the ZrNd-based mixed oxide preferably contains ZrO,
at a proportion of 55% to 75% by mole, both inclusive, and each of the primary particles of the CeZr-based mixed oxide
preferably contains CeO, at a proportion of 20% to 45% by mole, both inclusive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0050]

Figure 1 is a schematic view showing the state that a particulate filter is disposed in an exhaust gas passage of an
engine.

Figure 2 is a front view schematically showing the particulate filter.

Figure 3 is a longitudinal cross-sectional view schematically showing the particulate filter.

Figure 4 is an enlarged cross-sectional view schematically showing a wall that separates an exhaust gas inflow
channel from an exhaust gas outflow channel in the particulate filter.

Figure 5 is a schematic view showing a catalyst particle according to Embodiment 1.

Figure 6 is a graph showing the relation between carbon burning rate and the proportion of each of two kinds of
rare earth metal M oxides in their respective ZrNd-based mixed oxides.

Figure 7 is a graph showing the relation between carbon burning rate and the ZrO,, ratio of each of ZrNd-based
mixed oxides of inventive examples according to Embodiment 1 and their comparative examples.

Figure 8 is a graph showing the relation between carbon burning rate and the ZrNdMO ratio of each of inventive
examples according to Embodiment 1 and their comparative examples.

Figure 9 is a graph showing the relation between light-off temperature and the ZrO, ratio of each of ZrNd-based
mixed oxides of inventive examples according to Embodiment 1 and their comparative examples.

Figure 10 is a graph showing the relation between light-off temperature and the ZrNdMO ratio of each of inventive
examples according to Embodiment 1 and their comparative examples.
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Figure 11 is a graph showing the relation between carbon burning rate and the proportion of each of various kinds
of rare earth metal R oxides in their respective CeZr-based mixed oxides in Embodiment 2.

Figure 12 is a triangular chart showing the mass ratio among activated alumina (Al,03), ZrNd-based mixed oxide
(ZrNdMO) and Ce-based mixed oxide (CeZrRO) in Embodiment 2.

Figure 13 is a graph showing the relation between carbon burning rate and the mass ratio among activated alumina,
ZrNd-based mixed oxide and Ce-based mixed oxide in each of inventive examples according to Embodiment 2 and
their comparative examples.

Figure 14 is a graph showing the relation between light-off temperature for HC conversion and the mass ratio among
activated alumina, ZrNd-based mixed oxide and Ce-based mixed oxide in each of the inventive examples according
to Embodiment 2 and their comparative examples.

Figure 15 is a graph showing the relation between light-off temperature for CO conversion and the mass ratio among
activated alumina, ZrNd-based mixed oxide and Ce-based mixed oxide in each of the inventive examples according
to Embodiment 2 and their comparative examples.

Figure 16 is a schematic view showing a catalyst particle according to Embodiment 3.

Figure 17 is a graph showing the relation between carbon burning rate and the CeO, ratio of each of CeZr-based
mixed oxides of inventive examples according to Embodiment 3 and their comparative examples.

Figure 18 is a graph showing the relation between carbon burning rate and the CeZrRO ratio of each of inventive
examples according to Embodiment 3 and their comparative examples.

Figure 19 is a graph showing the relation between light-off temperature and the CeO, ratio of each of CeZr-based
mixed oxides of inventive examples according to Embodiment 3 and their comparative examples.

Figure 20 is a graph showing the relation between light-off temperature and the CeZrRO ratio of each of inventive
examples according to Embodiment 3 and their comparative examples.

Figure 21 is a graph showing the relation between carbon burning rate and the mass ratio among activated alumina,
Zr-based mixed oxide and Ce-based mixed oxide in each of inventive examples according to Embodiment 4 and
their comparative examples.

Figure 22 is a graph showing the relation between light-off temperature for HC conversion and the mass ratio among
activated alumina, Zr-based mixed oxide and Ce-based mixed oxide in each of the inventive examples according
to Embodiment 4 and their comparative examples.

Figure 23 is a graph showing the relation between light-off temperature for CO conversion and the mass ratio among
activated alumina, Zr-based mixed oxide and Ce-based mixed oxide in each of the inventive examples according
to Embodiment 4 and the comparative examples.

Figure 24 is a schematic view showing a catalyst particle according to Embodiment 5.

Figure 25 is a graph showing the relation between carbon burning rate and the ZrNdMO ratio of each of inventive
examples according to Embodiment 5 and their comparative examples.

Figure 26 is a graph showing the relation between light-off temperature and the ZrNdMO ratio of each of the inventive
examples according to Embodiment 5 and their comparative examples.

DETAILED DESCRIPTION OF THE INVENTION

[0051] Hereinafter, embodiments of the present invention will be described with reference to the drawings. Note that
the following description of the preferred embodiments is merely illustrative in nature and is not intended to limit the
scope, applications and use of the invention.

[0052] InFigure 1, reference numeral 1 denotes a particulate filter (hereinafter, referred to simply as a "filter") disposed
in an exhaust gas passage 11 of an engine.

[0053] An oxidation catalyst (not shown) can be disposed in the exhaust gas passage 11 upstream of the filter 1 in
the flow direction of exhaust gas. Such an oxidation catalyst is obtained by carrying a catalytic metal, such as platinum
(Pt) or palladium (Pd), on a support material such as activated alumina. When such an oxidation catalyst is disposed
upstream of the filter 1, HC and CO in the exhaust gas are oxidized by the oxidation catalyst and heat of the oxidation
combustion increases the temperature of exhaust gas flowing into the filter 1. Furthermore, NO in the exhaust gas is
oxidized into NO, by the oxidation catalyst and produced NO, is then supplied as an oxidizing agent for burning particulates
to the filter 1.

[0054] As schematically shown in Figures 2 and 3, the filter 1 has a honeycomb structure in which a large number of
exhaust gas channels 2 and 3 run in parallel with each other. Specifically, the filter 1 has a structure in which a plurality
of exhaust gas inflow channels 2 and a plurality of exhaust gas outflow channels 3 are alternately arranged vertically
and horizontally Each exhaust gas inflow channel 2 is closed at the downstream end by a plug 4, while each exhaust
gas outflow channel 3 is closed at the upstream end by a plug 4. The adjacent exhaust gas inflow and outflow channels
2 and 3 are separated from each other by a thin partition wall 5. In Figure 2, the hatched parts denote the plugs 4 at the
upstream ends of the exhaust gas outflow channels 3.



10

15

20

25

30

35

40

45

50

55

EP 2 055 366 B1

[0055] The body of the filter 1, inclusive of the partition walls 5b, is formed of cordierite or an inorganic porous material,
such as SiC, Si3N, or sialon. The exhaust gas flowing into each exhaust gas inflow channel 2 flows out through the
surrounding partition walls 5 into the adjacent exhaust gas outflow channels 3, as shown in the arrows in Figure 3. More
specifically, as shown in Figure 4, each partition wall 5 has micro pores (exhaust gas channels) 6 communicating the
exhaust gas inflow channel 2 with the adjacent exhaust gas outflow channel 3 so that the exhaust gas flows through the
micro pores 6. Particulates are trapped and deposited mainly on the wall surfaces of the exhaust gas inflow channels
2 and the micro pores 6.

[0056] A catalyst layer 7 is coated on the walls of all the exhaust gas channels (i.e., exhaust gas inflow channels 2,
exhaust gas outflow channels 3 and micro pores 6) in the body of the filter 1. However, it is not necessarily required to
form the catalyst layer on the walls of the exhaust gas outflow channels 3.

[0057] A description is given below of Embodiments 1 to 5 having different catalyst materials used for their respective
catalyst layers 7.

Embodiment 1

[0058] A feature of this embodiment is that the catalyst layer 7 contains catalyst particles (a catalyst material) as
schematically shown in Figure 5. Specifically, the catalyst particle is formed so that primary particles of a ZrNd-based
mixed oxide containing Zr, Nd and a rare earth metal M other than Ce and Nd (hatched particles; ZrNdMO) are dispersedly
carried on the surface of a secondary particle formed by cohesion of primary particles of activated alumina (particles
indicated by unfilled circles; Al,O5). Pt particles (indicated by filled circles) are carried as a catalytic metal on primary
particles of the activated alumina (Al,O5) and primary particles of the ZrNd-based mixed oxide (ZrNdMO). The primary
particles of activated alumina have a mean particle size of 1 to 100 nm (i.e., not smaller than 1 nm but not greater than
100 nm), the secondary particles of activated alumina have 200 to 500 nm and the primary particles of the ZrNd-based
mixed oxide have a mean particle size of 5 to 50 nm.

<Preparation of Catalyst Material>

[0059] The catalyst material for conversion of exhaust gas components can be prepared according to the following
method.

- Preparation of Activated Alumina Particle Precursor -

[0060] First, a source solution containing Al ions and La ions is prepared. Aluminium nitrate enneahydrate and lan-
thanum nitrate hexahydrate can be used as source materials for Al and La, respectively. Respective given amounts of
the Al source material and the La source material are mixed with water to prepare a source solution having acidity.
[0061] A basic solution is added to the source solution and mixed to produce precipitated particles of an Al-La mixed
hydroxide that is a precursor of activated alumina primary particles. In this case, for example, the source solution is
stirred at room temperature for about one hour and aqueous ammonia at a concentration of about 7%, for example, is
then mixed as the basic solution to the source solution. Instead of the aqgueous ammonia, another basic solution, such
as an aqueous solution of caustic soda, may be used.

- Rinsing and Dehydration -

[0062] The solution containing the precipitate of the activated alumina particle precursor is subjected to centrifugation
to remove the supernatant liquid. lon-exchanged water is further added to the dehydrated precipitate obtained by the
removal of the supernatant liquid, stirred and subjected to centrifugation (dehydrated) again. This cycle of rinsing and
dehydration is repeated several times. By repeating the cycle of rinsing and dehydration, the remaining basic solution
is removed.

- Drying and Calcining -

[0063] The dehydrated precipitate is dried, then calcined and ground. The drying can be implemented, for example,
by keeping the dehydrated precipitate at a temperature of about 100°C to about 250°C for a predetermined time in the
atmospheric environment. The calcining can be implemented, for example, by keeping the dehydrated precipitate at a
temperature of about400°C to about 600°C for several hours in the atmospheric environment. Thus, powdered secondary
particles are obtained in each of which primary particles of activated alumina containing La,O5 cohere together.
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- Preparation of ZrNd-Based Mixed Oxide Particle Precursor -

[0064] First prepared is a solution in which the powdered secondary particles are dispersed in an acid solution con-
taining Zr ions, Nd ions and ions of a rare earth metal M other than Ce and Nd. For this purpose, zirconium oxynitrate
dihydrate and neodymium nitrate can be used as source materials for Zr and Nd, respectively. A nitrate salt of La, Pr or
Y can be used as a source material for the rare earth metal M. Respective given amounts of the Zr source material, the
Nd source material and the M source material are mixed with the powdered secondary particles and water.

[0065] Then, a basic solution is added to the above mixed solution and mixed to deposit a precipitate of Zr-Nd-M
mixed hydroxide, which is a precursor of ZrNd-based mixed oxide primary particles, on the surfaces of the secondary
particles. In this case, for example, the above mixed solution is stirred at room temperature for about one hour and
aqueous ammonia at a concentration of about 7%, for example, is then mixed as the basic solution to the source solution.
Instead of the aqueous ammonia, another basic solution, such as an aqueous solution of caustic soda, may be used.

- Rinsing and Dehydration -

[0066] The solution containing a precipitate of ZrNd-based mixed oxide particle precursor deposited on the surfaces
of the secondary particles is subjected to centrifugation to remove the supernatant liquid. lon-exchanged water is further
added to the dehydrate obtained by the removal of the supernatant liquid, stirred and subjected to centrifugation (dehy-
drated) again. This cycle of rinsing and dehydration is repeated several times. By repeating the cycle of rinsing and
dehydration, the remaining basic solution is removed.

- Drying and Calcining -

[0067] The dehydrate (secondary particles on the surfaces of which the precipitate of the ZrNd-based mixed oxide
particle precursor is deposited) is dried, then calcined and ground. The drying can be implemented, for example, by
keeping the dehydrate at a temperature of about 100°C to about 250°C for a predetermined time in the atmospheric
environment. The calcining can be implemented, for example, by keeping the dehydrate at a temperature of about 400°C
to about 600°C for several hours in the atmospheric environment. Thus, a powdered support material is obtained in
which primary particles of the ZrNd-based mixed oxide are dispersedly carried on the surface of each secondary particle.

- Carrying of Catalytic Metal on Support Material -

[0068] The obtained powdered support material is mixed with a catalytic metal solution containing catalytic metal ions
and then evaporated to dryness to obtain a dried residue. The residue is ground. Thus, a catalyst material composed
of catalyst particles as shown in Figure 5 is obtained. Examples of the catalytic metal solution used include a precious
metal solution, such as a solution of diamminedinitro platinum nitrate or an aqueous solution of palladium nitrate. To
obtain a catalyst material, the powdered support material may be impregnated with the catalytic metal solution, dried
and calcined.

<Preferred ZrNd-Based Mixed Oxide Particle>

[0069] A description is given below of a preferred composition of the ZrNd-based mixed oxide particle with reference
to the following carbon burning property test in which carbon particulates were used as particulates.

- Preparation of Samples -

[0070] To determine a preferred composition of the ZrNd-based mixed oxide, various kinds of Zr-based mixed oxide
powders using La, Prand Y as the rare earth metal M and having different proportions of Nd,O and different proportions
of rare earth metal M oxide were prepared. First, Pt-carried catalyst materials were prepared by mixing each kind of Zr-
based mixed oxide powder with a solution of diamminedinitro platinum nitrate and ion-exchanged water, evaporating
the mixture to dryness, then well drying it and calcining it at 500°C for two hours in the atmospheric environment. Note
that the catalyst materials contained no activated alumina.

[0071] Then, samples (catalyst-supported particulate filters) were obtained by mixing each of the obtained catalyst
materials with a binder and ion-exchanged water into a slurry, coating the slurry on a support for a filter made of silicon
carbide (SiC) having a volume of 25 mL, a cell wall thickness of 16 mil (406.4x10-3 mm) and 178 cpsi (i.e., the number
of cells per square inch (645.16 mm2)), then drying it and calcining it by keeping it at 500°C for two hours in the atmospheric
environment. The amount of each Zr-based mixed oxide powder carried per L of filter was 50 g/L, and the amount of Pt
carried per L (liter) of filter was 0.5 g/L. Then, each sample was heat aged by keeping it at 800°C for 24 hours in the
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atmospheric environment.

[0072] Next, 10 mL ion-exchanged water was added to an amount of carbon (carbon black) corresponding to 10g per
L of filter and stirred for five minutes with a stirrer, thereby well dispersing carbon into the water. One end surface of
each sample was dipped into the carbon-dispersed water and, concurrently, water in the sample was aspirated from the
other end surface with an aspirator. Water having not been removed by the aspiration was removed by air blow from
the one end surface and the sample was then put in a dry oven and dried therein by keeping it at 150°C for two hours.
Thus, carbon was deposited on the walls of exhaust gas channels in the sample filter.

- Carbon Burning Property Test -

[0073] The sample was attached to a fixed-bed, simulated gas flow reactor. In this state, simulated exhaust gas
(composed of 10% O,, 300ppm NO, 10% H,O and N,) was allowed to flow through the sample at a space velocity of
80000/h and, concurrently, the gas temperature at the catalyst sample entrance was increased at a rate of 15°C/min.
Then, the amount of CO produced and the carbon burning rate at the time when the gas temperature reaches 590°C
were measured. The carbon burning rate was calculated based on the amounts of CO and CO, produced by carbon
burning and according to the following equation. The measurement results are shown in Table 1.

Carbon buming rate (g/hr) = {gas flow rate (L/hr) x [(CO+CO;) concentration
(ppm)/(1x10%)]} x 12 (g/mol) / 22.4 (L/mol)

[Table 1]
Sample Nd oxide (% | M oxide (% by Total amount Qarbon Produced CO
Number by mole) mole) Type of M (% by mole) burnTg rate at (ppm)
590°C (g/hr)
1 12.0 0.0 - 12.0 0.70 -
2 20.0 0.0 - 20.0 0.71 -
3 0.0 12.0 La 12.0 0.68 -
4 0.0 12.0 Pr 12.0 0.69 -
5 6.0 6.0 La 12.0 0.72 -
6 6.0 12.0 La 18.0 0.72 -
7 12.0 3.0 La 15.0 0.74 -
8 12.0 6.0 La 18.0 0.79 -
9 12.0 12.0 La 24.0 0.75 -
10 18.0 6.0 La 24.0 0.78 -
11 18.0 12.0 La 30.0 0.77 -
12 6.0 6.0 Pr 12.0 0.71 -
13 6.0 12.0 Pr 18.0 0.77 -
14 12.0 3.0 Pr 15.0 0.72 -
15 12.0 6.0 Pr 18.0 0.74 -
16 12.0 12.0 Pr 24.0 0.82 4
17 12.0 18.0 Pr 30.0 0.87 5
18 12.0 La:3.0, Pr:12.0 La, Pr 27.0 0.87 5
19 12.0 La:3.0, Pr:18.0 La, Pr 33.0 1.10 8
20 18.0 12.0 Pr 30.0 0.91 8
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(continued)

Sample Nd oxide (% | M oxide (% by Total amount Qarbon Produced CO
Number by mole) mole) Type of M (% by mole) burningrate at (ppm)
y i 590°C (g/hr) PP
21 6.0 6.0 Y 12.0 0.72 -
22 12.0 3.0 Y 15.0 0.73 -
23 12.0 6.0 Y 18.0 0.74 -
24 12.0 12.0 Y 24.0 0.77 -
25 18.0 12.0 Y 30.0 0.80 -

[0074] Table 1 shows that Samples 5, 12 and 21 containing a combination of La, Pr or Y with Nd exhibited higher
carbon burning rates than Samples 3 and 4 containing no Nd. Therefore, it is can be said to be preferable that Nd is an
essential ingredient for the ZrNd-based mixed oxide. However, in the case where only Nd is used as the rare earth metal
as in Samples 1 and 2, the carbon burning rate did not increase with increasing amount of Nd. Therefore, it can be said
to be preferable that the ZrNd-based mixed oxide contains Nd in combination with La, Pror Y

[0075] Comparison among the cases where the proportion of rare earth metal M oxide is low (among Samples 7, 14
and 22 and among Samples 8, 15 and 23) shows that the use of La as the rare earth metal M is more advantageous
than the use of Pr or Y in increasing the carbon burning rate. On the other hand, comparison among the cases where
the proportion of rare earth metal M oxide is high (between Samples 6 and 13 and among Samples 11, 20 and 25) shows
that the use of Pr as the rare earth metal M is more advantageous than the use of La or Y in increasing the carbon
burning rate.

[0076] Furthermore, as the proportion of the total amount of neodymium oxide and M oxide increased, the carbon
burning rate generally increased, with minor exceptions. However, as seen from the results of Samples 16 to 20, when
the above total amount increased and the carbon burning rate increased accordingly, the amount of CO produced due
to imperfect combustion of carbon tended to increase. Therefore, although itis advantageous in enhancing the particulate
burning property that the proportion of the above total amount is high, the proportion is preferably less than 45% by mole
(i.e., the proportion of ZrO, in each ZrNd-based mixed oxide particle is preferably 55% by mole or more) in order to
restrain the increase in the amount of CO produced. More preferably, the proportion is less than 40% by mole (i.e., the
proportion of ZrO, is 60% by mole or more). Furthermore, it can be seen from the results of Samples 16 to 20 that when
the proportion of M,O35, which is an oxide of the rare earth metal M, increased, the amount of CO produced tended to
increase. Therefore, the proportion of M,O3 is preferably 20% by mole or less.

[0077] On the other hand, when the proportion of the above total amount was 10% by mole or more, good results
were obtained. Furthermore, when it was over 20% by mole, the carbon burning rate generally became high. Therefore,
it can be said to be preferable that the proportion of the above total amount is 20% by mole or more in enhancing the
particulate burning property. Particularly, it is preferable to attain a proportion of the above total amount of 20% by mole
or more while raising the proportion of neodymium oxide or praseodymium oxide.

[0078] Figure 6 shows results when samples obtained by coating different ZrNd-based mixed oxides using Pr or La
as the rare earth metal M and containing no activated alumina on their respective SiC-made filter supports having the
same cell wall thickness and number of cells but different from those of the samples in Table 1 were measured in terms
of carbon burning rate at 590°C under the same conditions as the above test on the samples in Table 1. Note that the
proportion of Nd,O4 (hereinafter, referred to as "Nd,O4 ratio") was fixed at 12% by mole because Table 1 shows that
the Zr-based mixed oxide exhibited good results when its Nd,Oj ratio was 18% by mole or smaller. The filter body had
a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. Furthermore, like the above test, the amount of each
ZrNd-based mixed oxide powder carried per L of filter was 50 g/L and the amount of Pt carried per L of filter was 0.5
g/L. Each sample was heat aged by keeping it at 800°C for 24 hours in the atmospheric environment.

[0079] Figure 6 shows that it is preferable that the Zr-based mixed oxide uses Pr as the rare earth metal M and has
a proportion of Pr,O4 of 6% by mole or higher in order to increase the carbon burning rate. Furthermore, in the cases
of use of La as the rare earth metal M, the carbon burning rate reached a peak value at a proportion of La,O5 of 6% by
mole. However, when the proportion of La,O5 was near to 20% by mole, the carbon burning rate did not significantly
differ from that when no La was added. Therefore, the proportion of La,O3 is preferably 20% by mole or less.

<Preferred Composition of Catalyst Particle>

[0080] A description is given below of a preferred composition of the catalyst particle with reference to the following
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carbon burning property test using carbon particulates as particulates and the following exhaust gas (HC and CO)
conversion performance test.

- Preparation of Samples -

[0081] According to the above-stated method for preparing a catalyst material, various kinds of catalyst materials of
inventive examples were prepared that had different proportions of ZrO, in ZrNd-based mixed oxide particle (ZrO,/
ZrNdMO shown in % by mole and hereinafter referred to as "ZrO, ratios") and different proportions of ZrNd-based mixed
oxide particles in the total amount of each activated alumina secondary particle (having a proportion of La,O5 of 5% by
mass) and the ZrNd-based mixed oxide particles (hereinafter referred to as "ZrNdMO ratios"). Pr was used as the rare
earth metal M for the ZrNd-based mixed oxide particle and the proportion of Pr,O5 (hereinafter referred to as "Pr,0O4
ratio") was fixed at 12% by mole. Furthermore, the catalytic metal Pt was carried on each support material by evaporation
to dryness.

[0082] Furthermore, catalyst materials of comparative examples were obtained by preparing different kinds of ZrNd-
based mixed oxide secondary particles having different ZrO, ratios and the same Pr,05 ratio of 12% by mole by copre-
cipitation, physically mixing each of them with La-contained activated alumina secondary particles having a proportion
of La,0O of 5% by mass at an appropriate mixing ratio to obtain various kinds of powdered support materials and carrying
Pt on each of them by evaporation to dryness.

[0083] The secondary particles of the ZrNd-based mixed oxide were prepared by obtaining a precursor of primary
particles of the ZrNd-based mixed oxide by coprecipitation, subjecting it to rinsing, drying and calcining under the same
conditions as the case of dispersive carrying of primary particles of the ZrNd-based mixed oxide on the surface of each
activated alumina secondary particle, and then grinding it.

[0084] Then, accordingto the previously stated method for preparing a sample, samples (catalyst-supported particulate
filters) were obtained by coating the catalyst materials of the inventive examples and comparative examples on their
respective SiC-made filter supports having a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. The amount
of each catalyst material carried per L of filter was 50 g/L, and the amount of Pt carried per L of filter was 1.0 g/L. Then,
each sample was heat aged by keeping it at 800°C for 24 hours in the atmospheric environment.

- Evaluation on Carbon Burning Property -

[0085] For each of the samples of the inventive examples and comparative examples, an amount of carbon (carbon
black) corresponding to 10g per L of filter was deposited on the walls of exhaust gas channels in the sample and the
sample was then measured in terms of carbon burning rate at 590°C according to the above-stated carbon burning
property test. The measurement results on the inventive examples and the measurement results on the comparative
examples are shown in Tables 2 and 3, respectively.

[0086] Hereinafter, each of the samples of the inventive examples and comparative examples shown in Tables 2 and
3 was identified by a combination of a number given to the ZrO, ratio of the sample and a sign (alphabetical letter) given
to the ZrNdMO ratio of the sample. For example, the inventive example having a ZrO, ratio of 75% by mole (corresponding
to the number "2") and a ZrNdMO ratio of 50% by mass (corresponding to the letter "c") is referred to as "Inventive
Example 2c¢". This applies also to Tables 4 to 9, Tables 12 to 17 and Tables 20 to 23 described later.

[Table 2]
Inventive Example; Carbon burning rate (g/hr, 590°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole
a 25% by mass 1.02 0.94 0.87
b 35% by mass 1.05 0.95 0.88 0.78
ZrNdMO/ (ZINAMO c | 50%bymass 0.99 0.92 0.86
+Al,0,) ratio
d 75% by mass 0.87 0.84 0.82
e 90% by mass 0.81 0.78 0.78
Primary particles of mixed oxide ZrNdMO are carried on each secondary particle of activated alumina.
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[Table 3]
Comparative Example; Carbon burning rate (g/hr, 590°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole
a 25% by mass 0.96
b 35% by mass 0.95 0.87 0.82 0.78
ZermS(/)Eng:gMo c 50% by mass 0.91
d 75% by mass 0.82
e 90% by mass 0.75
Activated alumina secondary particles and mixed oxide ZrNdMO secondary particles are mixed.

[0087] Reference to the inventive examples (Tables 2) shows that when the ZrO, ratio was 55% by mole and the
ZrNdMO ratio was 35% by mass, the highest carbon burning rate was reached. Comparison between the inventive
examples (Table 2) and their comparative examples (Table 3) when the ZrO, ratio was 55% by mole shows that the
inventive examples exhibited higher carbon burning rates at all of the ZrNdMO ratios than the comparative examples.
On the other hand, comparison between the inventive examples (Table 2) and their comparative examples (Table 3)
when the ZrNdMO ratio was 35% by mass shows that the inventive example at a ZrO, ratio of 90% by mole had the
same carbon burning rate as its comparative example at the same ZrO, ratio but the other inventive examples at the
other ZrO, ratios exhibited higher carbon burning rates than their comparative examples.

[0088] The reason for these results can be considered to be that since in the inventive examples each kind of ZrNd-
based mixed oxide was dispersedly carried in the form of primary particles of small particle size on the surface of each
secondary particle of activated alumina, the amount of oxygen ions supplied by the ZrNd-based mixed oxide increased
and the ZrNd-based mixed oxide primary particles were less likely to cause a cohesion due to heat, i.e., the heat
resistance of the catalyst material increased.

[0089] In this context, graphically shown in Figure 7 are the carbon burning rates of Inventive Examples 1b, 2b, 3b
and 4b and Comparative Examples 1b, 2b, 3b and 4b having a fixed ZrNdMO ratio of 35% by mass and different ZrO,
ratios. Furthermore, graphically shown in Figure 8 are the carbon burning rates of Inventive Examples 1a to 1e and
Comparative Examples 1a to 1e having a fixed ZrO, ratio of 55% by mole and different ZrNdMO ratios.

[0090] Reference to Figure 7 shows that when the ZrO, ratio was 55% by mole inclusive to 90% by mole exclusive,
the inventive examples had higher carbon burning rates than their comparative examples and that particularly when the
ZrO, ratio was 55% to 80% by mole, both inclusive, the inventive examples exhibited relatively significant differences
in carbon burning rate from their comparative examples.

[0091] Reference to Figure 8 shows that when the ZrNdMO ratio was 25% to 90% by mass, both inclusive, the inventive
examples had higher carbon burning rates than their comparative examples and that even when the ZrNdMO ratio was
20% by mass, the inventive example can be expected to have a higher carbon burning rate than its comparative example.
Furthermore, Figure 8 shows that particularly when the ZrNdMO ratio was 25% to 50% by mass, both inclusive, the
inventive examples exhibited relatively high carbon burning rates.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -

[0092] Each of the samples of the inventive examples and comparative examples was measured in terms of light-off
performance for conversion of HC and CO in exhaust gas, unlike the above carbon burning property test, without
deposition of carbon black. Specifically, the sample was set to a simulated gas flow reactor. In this state, simulated
exhaust gas (composed of 10% O,, 10% H,0O, 100ppm NO, 200ppmC CzHg, 400ppm CO and N,) was allowed to flow
through the sample at a space velocity of 50000/h and, concurrently, the gas temperature at the catalyst sample entrance
was increased at a rate of 15°C/min. Then obtained was the gas temperature T50 (°C) at the catalyst sample entrance
when the concentration of each of exhaust gas components (HC and CO) detected downstream of the sample reaches
half of that of the corresponding exhaust gas component flowing into the sample (when the conversion efficiency reaches
50%). The measurement results on the inventive examples and the measurement results on the comparative examples
are shown in Tables 4 and 5, respectively.
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[Table 4]
Inventive Example; Light-off temperature T50 (°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole
HC Cco HC Cco HC Cco HC Cco

a | 25%bymass | 211 | 196 | 219 | 204 | 226 | 211
b | 35% bymass | 211 | 195 | 220 | 204 | 226 | 210 | 230 | 214
ZNdMO/ (Z:’:t‘fo'v'o *A203) [ 50% by mass | 213 | 197 | 221 | 204 | 226 | 210

d 75% bymass | 218 | 204 | 223 | 210 | 228 | 215
e 90% by mass | 224 | 209 | 226 | 215 | 231 220

Primary particles of mixed oxide ZrNdMO are carried on each secondary particle of activated alumina.

[Table 5]
Comparative Example; Light-off temperature T50 (°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole
HC CcoO HC CoO HC CcoO HC CcoO

a | 25%bymass | 215 | 200 | 223 | 206 | 224 | 207 | 225 | 206
b | 35%bymass | 216 | 201 | 225 | 208 | 226 | 209 | 228 | 211
+
ZrNdMO/ (erg'tiMo A203) ™ 50% by mass | 217 | 203

d 75% by mass | 222 208
e 90% by mass | 228 213

Activated alumina secondary particles and mixed oxide ZrNdMO secondary particles are mixed.

[0093] Referenceto Tables 4 and 5 shows that when the ZrO, ratio was 55% by mole, the inventive examples exhibited
lower light-off temperatures at all of the ZrNdMO ratios than their comparative examples. Furthermore, when the ZrNdMO
ratio was 25% and 35% by mass, the inventive examples generally exhibited lower light-off temperatures than their
comparative examples, except for when the ZrO, ratio was large. The reason for these results can also be considered
to be that the inventive examples increased the amount of oxygen ions supplied and the heat resistance as compared
to the comparative examples.

[0094] Graphically shown in Figure 9 are the light-off temperatures of Inventive Examples 1b, 2b, 3b and 4b and
Comparative Examples 1b, 2b, 3b and 4b having a fixed ZrNdMO ratio of 35% by mass and different ZrO, ratios.
Furthermore, graphically shown in Figure 10 are the light-off temperatures of Inventive Examples 1a to 1e and Compar-
ative Examples 1a to 1e having a fixed ZrO, ratio of 55% by mole and different ZrNdMO ratios.

[0095] Reference to Figure 9 shows that when the ZrO, ratio was 55% by mole inclusive to 80% by mole exclusive,
the inventive examples had lower light-off temperatures for both of HC and CO than their comparative examples and
that particularly when the ZrO, ratio was 55% to 75% by mole, both inclusive, the inventive examples exhibited low light-
off temperatures.

[0096] Reference to Figure 10 shows that when the ZrNdMO ratio was 25% to 90% by mass, both inclusive, the
inventive examples had lower light-off temperatures than their comparative examples and that even when the ZrNdMO
ratio was 20% by mass, the inventive example can be expected to a lower light-off temperature than its comparative
example. Furthermore, Figure 10 shows that particularly when the ZrNdMO ratio was 25% to 50% by mass, both inclusive,
the inventive examples exhibited relatively low light-off temperatures.
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Embodiment 2

[0097] This embodiment is characterized in that each secondary particle on which ZrNd-based mixed oxide particles
are carried is composed of primary particles of activated alumina and primary particles of a CeZr-based mixed oxide.
The other structural features of the catalyst particle are the same as in Embodiment 1. In this case, primary particles of
activated alumina and primary particles of the CeZr-based mixed oxide are mixed and cohere together to form a secondary
particle. A catalytic metal is carried not only on primary particles of the ZrNd-based mixed oxide and primary particles
of the activated alumina but also on primary particles of the CeZr-based mixed oxide. The primary particles of the CeZr-
based mixed oxide have a mean particle size of 5 to 100 nm.

[0098] The CeZr-based mixed oxide particles contain Ce, Zr and, if necessary, a rare earth metal R other than Ce.
Examples of the rare earth metal R include La, Nd, Pr, Sm, Gd and Y What is preferable in enhancing the particulate
burning property is the use of at least one selected from the group consisting of Nd, La, Prand Y.

A description is given below of the case of using CeZr-based mixed oxide particles containing the rare earth metal R.

<Preparation of Catalyst Material>

[0099] The catalyst material for conversion of exhaust gas components in this embodiment can be prepared according
to the following method.

- Preparation of Activated Alumina Particle Precursor -

[0100] A solution in which a precipitate of an activated alumina particle precursor is produced is prepared according
to the method described in <Preparation of Catalyst Material> in Embodiment 1.

- Preparation of CeZr-Based Mixed Oxide Particle Precursor -

[0101] First, a source solution containing Ce ions, Zr ions and ions of a rare earth metal R other than Ce is prepared.
For this purpose, cerium nitrate (lll) hexahydrate and Zirconium oxynitrate dihydrate can be used as source materials
for Ce and Zr, respectively. A nitrate salt of Nd, La, Pr or Y can be used as a source material for the rare earth metal R
other than Ce. Respective given amounts of the Ce source material, the Zr source material and the R source material
are mixed with water to prepare a source solution having acidity.

[0102] Then, a basic solution is added to the source solution and mixed to produce precipitated particles of a Ce-Zr-
R mixed hydroxide that is a precursor of CeZr-based mixed oxide primary particles. In this case, for example, the source
solution is stirred at room temperature for about one hour and aqueous ammonia at a concentration of about 7%, for
example, is then mixed as the basic solution to the source solution. Instead of the aqueous ammonia, another basic
solution, such as an aqueous solution of caustic soda, may be used.

- Mixing of Activated Alumina Particle Precursor and CeZr-Based Mixed Oxide Particle Precursor -

[0103] The activated alumina particle precursor and the CeZr-based mixed oxide particle precursor, which are obtained
in the above steps, are mixed. Specifically, a solution containing a precipitate of the activated alumina particle precursor
is mixed with a solution containing a precipitate of the CeZr-based mixed oxide particle precursor. In this case, the three
solutions are previously formulated to have the same pH.

- Rinsing and Dehydration -

[0104] The mixed solution containing a precipitate of the activated alumina particle precursor and the CeZr-based
mixed oxide particle precursor is subjected to centrifugation to remove the supernatant liquid. lon-exchanged water is
further added to the dehydrated precipitate obtained by the removal of the supernatant liquid, stirred and subjected to
centrifugation (dehydrated) again. This cycle of rinsing and dehydration is repeated several times. By repeating the cycle
of rinsing and dehydration, the remaining basic solution is removed.

- Drying and Calcining -
[0105] The dehydrated precipitate is dried, then calcined and ground. The drying can be implemented, for example,
by keeping the dehydrated precipitate at a temperature of about 100°C to about 250°C for a predetermined time in the

atmospheric environment. The calcining can be implemented, for example, by keeping the dehydrated precipitate at a
temperature of about400°C to about 600°C for several hours in the atmospheric environment. Thus, powdered secondary
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particles are obtained in each of which primary particles of activated alumina and primary particles of the CeZr-based
mixed oxide are mixed and cohere together.

- Carrying of ZrNd-Based Mixed Oxide Particles on Secondary Particle -

[0106] Like Embodiment 1, first prepared is a source solution in which the powdered secondary particles are dispersed
in an acid solution containing Zr ions, Nd ions and ions of a rare earth metal M other than Ce and Nd. A basic solution
is then added to the source solution and mixed to deposit a precipitate of a ZrNd-based mixed oxide particle precursor
on the surfaces of the secondary particles. Then, by carrying out the rinsing and dehydration step and the drying and
calcining step in this order, a powdered support material is obtained in which primary particles of the ZrNd-based mixed
oxide are dispersedly carried on the surface of each of the secondary particles.

- Carrying of Catalytic Metal on Support Material -

[0107] The obtained powdered support material is mixed with a catalytic metal solution containing catalytic metal ions
and then evaporated to dryness to obtain a dried residue. The residue is ground. Thus, a catalyst material according to
this embodiment is obtained. Examples of the catalytic metal solution used include a precious metal solution, such as
a solution of diamminedinitro platinum nitrate or an aqueous solution of palladium nitrate. To obtain a catalyst material,
the powdered support material may be impregnated with the catalytic metal solution, dried and calcined.

<Preferred CeZr-Based Mixed Oxide Particle>

[0108] A description is given below of a preferred composition of the CeZr-based mixed oxide particle with reference
to the following carbon burning property test in which carbon particulates were used as particulates.

- Preparation of Samples -

[0109] Prepared were various kinds of powdered CeZr-based mixed oxides (CeZrRO) containing different kinds and
proportions of rare earth metals R. The molar ratio between CeO, and ZrO, was 1:3. First, Pt-carried catalyst materials
were prepared by mixing each kind of mixed oxide powder with a solution of diamminedinitro platinum nitrate and ion-
exchanged water, evaporating the mixture to dryness, then well drying it and calcining it at 500°C for two hours in the
atmospheric environment. Note that the catalyst materials contained no activated alumina.

[0110] Then, samples (catalyst-supported particulate filters) were obtained by mixing each of the obtained catalyst
materials with a binder and ion-exchanged water into a slurry, coating the slurry on a support (filter body) for a filter
made of SiC having a volume of 25 mL, a cell wall thickness of 12 mil (304.8x10-3 mm) and 300 cpsi (i.e., the number
of cells per square inch (645.16 mm2)), then drying itand calcining it by keeping it at 500°C for two hours in the atmospheric
environment. The amount of each CeZr-based mixed oxide powder carried per L of filter was 50 g/L, and the amount of
Pt carried per L of filter was 0.5 g/L. Then, each sample was heat aged by keeping it at 800°C for 24 hours in the
atmospheric environment.

[0111] Next, like Embodiment 1, an amount of carbon corresponding to 10g per L of filter was deposited on the walls
of exhaust gas channels in each sample and the sample was then measured in terms of carbon burning rate at 590°C
under the same conditions as in Embodiment 1. The measurement results are shown in Figure 11. The abscissa of
Figure 11 represents the proportion (% by mole) of rare earth metal oxide RO in each CeZr-based mixed oxide.
[0112] Figure 11 shows that when the rare earth metal R was Pr, relatively high carbon burning rates were reached
at small proportions of the rare earth metal oxide RO of 0.3% to 2% by mole and that when the rare earth metal R was
Nd, La or Y, relatively high carbon burning rates were reached at proportions of the rare earth metal oxide RO of 1% to
7% by mole or 1% to 6% by mole. Furthermore, it can be said that, among the four kinds of rare earth metals, the use
of Nd is most advantageous in enhancing the carbon burning property and that the Nd,O4 ratio is preferably 4% by mole.

<CeO, Ratio of CeZr-Based Mixed Oxide and ZrO, Ratio of ZrNd-Based Mixed Oxide>

- Preparation of Samples -

[0113] According to the above method for preparing a catalyst material, a plurality of kinds of catalyst materials of
inventive examples were prepared that had a fixed Al,03:ZrNdMO:CeZrRO mass ratio among activated alumina, ZrNd-
based mixed oxide and CeZr-based mixed oxide of 66:22:12, different proportions of CeO, in CeZr-based mixed oxide

(hereinafter referred to as "CeO, ratios") and different proportions of ZrO, in ZrNd-based mixed oxide (i.e., different
ZrO, ratios). The catalyst materials of the inventive examples are materials in each of which Pt is carried on a powdered
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support material. The support material is a material in which primary particles of a ZrNd-based mixed oxide are dispersedly
carried on the surface of each secondary particle. The secondary particle is formed so that activated alumina particles
and CeZr-based mixed oxide particles are mixed and cohere together.

[0114] Furthermore, a plurality of kinds of catalyst materials of comparative examples were likewise prepared that
had a fixed Al,05:ZrNdMO:CeZrRO ratio of 66:22:12, different proportions of CeO, in CeZr-based mixed oxide (i.e.,
different CeO, ratios) and different proportions of ZrO, in ZrNd-based mixed oxide (i.e., different ZrO, ratios). Each
catalyst material is a material in which Pt is carried on a powdered support material obtained by physically mixing
activated alumina secondary particles, CeZr-based mixed oxide secondary particles and ZrNd-based mixed oxide sec-
ondary particles.

[0115] Then, samples (catalyst-supported particulate filters) of inventive and comparative examples were obtained
by coating the catalyst materials of the inventive examples and comparative examples on their respective SiC-made
filter supports (filter bodies) having a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. In each of the samples
of the inventive and comparative examples, the amount of catalyst material carried per L of filter was 50g/L, the amount
of Pt carried per L of filter was 1.0 g/L, activated alumina contained La to attain a proportion of La,O3 of 5% by mass,
the CeZr-based mixed oxide contained Nd as the rare earth metal R to attain a proportion of Nd,O3 of 4% by mole and
the ZrNd-based mixed oxide contained Pr as the rare earth metal M to attain a proportion of Pr,O4 of 12% by mole.

- Evaluation on Carbon Burning Property -

[0116] Then, each of the samples of the inventive examples and comparative examples was heat aged in the above-
stated manner, carbon was deposited on the walls of exhaust gas channels in the sample in the above-stated manner
and the sample was then measured in terms of carbon burning rate at 590°C according to the above-stated carbon
burning property test. The measurement results on the inventive examples and the measurement results on the com-
parative examples are shown in Tables 6 and 7, respectively.

[Table 6]
Inventive Example; Carbon burning rate (g/hr, 590°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole 75% by mole 80% by mole 90% by mole
a 10% by mole | 1.01 0.95 0.82
Ce0, b 20% by mole | 1.16 1.06 0.87 0.8
/CeZrRO c 45% by mole | 1.11 1.08 0.9 0.82
ratio d 60% by mole | 0.94 0.89
e 80% by mole | 0.89 0.86

Primary particles of mixed oxide ZrNdMO are carried on each secondary particle composed of activated alumina
primary particles and mixed oxide CeZrRO primary particles.

[Table 7]
Comparative Example; Carbon burning rate (g/hr, 590°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole 80% by mole 90% by mole
a 10% by mole 1.05 1.02
CeO, b 20% by mole 1.08 1.05 0.92
/CeZrRO c 45% by mole 1.06 0.99
ratio d 60% by mole 0.96
e 80% by mole 0.94

17




10

15

20

25

30

35

40

45

50

55

EP 2 055 366 B1

(continued)

Comparative Example; Carbon burning rate (g/hr, 590°C)

ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole 75% by mole 80% by mole 90% by mole

Activated alumina secondary particles, mixed oxide CeZrRO secondary particles and mixed oxide ZrNdMO secondary
particles are mixed.

[0117] Since the inventive examples of Embodiment 2 have a Al,03:ZrNdMO:CeZrRO mass ratio of 66:22:12, their
ZrNdMO/(Al,O3+ZeNdMO) mass ratio is 25% by mass. Therefore, the inventive examples of this embodiment correspond
to Inventive Examples 1a and 2a of Embodiment 1 shown in Table 2. Comparison of the inventive examples shown in
Table 6 with Inventive Examples 1a and 2a shown in Table 2 shows that at a ZrO, ratio of 55% by mole, the inventive
examples (Table 6) of Embodiment 2 exhibited higher carbon burning rates than Inventive Example 1a in Table 2 at
CeO, ratios of 20% and 45% by mole and that also at a ZrO, ratio of 75% by mole, the inventive examples of Embodiment
2 exhibited higher carbon burning rates than Inventive Example 2a in Table 2 at CeO, ratios of 20% and 45% by mole.
These results are due to the oxygen storage/release capacity of CeZr-based mixed oxide primary particles contained
in each secondary particle of Embodiment 2.

[0118] On the other hand, comparison of the inventive examples (Table 6) of Embodiment 2 with their comparative
examples (Table 7) shows that when the CeO, ratio of the CeZr-based mixed oxide was 20% to 45% by mole, both
inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide was 55% to 75% by mole, both inclusive, the inventive
examples exhibited better results than the comparative examples. It can be said from the above that the effectiveness
of the combination of ZrNd-based mixed oxide primary particles and a secondary particle of a mixture of activated alumina
particles and CeZr-based mixed oxide particles in enhancing the carbon burning rate is a specific phenomenon within
the above range of CeO, ratios and the above range of ZrO, ratios.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -
[0119] Each of the samples of the inventive examples and comparative examples was heat aged in the above-stated
manner and then measured in terms of light-off temperature for conversion of HC and CO according to the above-stated

light-off performance evaluation test, without deposition of carbon thereon. The measurement results on the inventive
examples and the measurement results on the comparative examples are shown in Tables 8 and 9, respectively.
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[Table 8]

Inventive Example; Light-off temperature T50 (°C)

ZrO,/ZrNdMO ratio

No.1

No.2

No.3

No.4

55% by mole

75% by mole

80% by mole

90% by mole

HC Co

HC CcoO

HC

Co

HC

CO

CeO,
/CeZrR
O ratio

10%
by
mole

209 196

214 206

20%
by
mole

204 190

207 192

216

204

220

210

45%
by
mole
by
mole

203 188

206 189

215

203

219

206

60%
by
60%
by
mole

211 198

217 200

80%

by
mole

215 202

221 209

Primary particles of mixed oxide ZrNdMO are carried on each secondary particle composed of activated alumina
primary particles and mixed oxide CeZrRO primary particles.
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[Table 9]
Comparative Example; Light-off temperature T50 (°C)

ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole 75% by mole 80% by mole 90% by mole
HC CcO HC CcO HC CcO HC CcO
10%
a by 208 194 213 201
mole
20%
b by 208 194 210 196 215 202
mole
CeO, 45%
/CeZrRO c by 209 195 211 197
ratio mole
60%
d by 210 196 215 201
mole
80%
e by 212 199 218 206
mole

Activated alumina secondary particles, mixed oxide CeZrRO secondary particles and mixed oxide ZrNdMO secondary
particles are mixed.

[0120] Comparison of the inventive examples of Embodiment 2 shown in Table 8 with Inventive Examples 1a and 2a
of Embodiment 1 shows that when the CeO, ratio of the CeZr-based mixed oxide was 20% to 45% by mole, both
inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide was 55% to 75% by mole, both inclusive, the inventive
examples of Embodiment 2 exhibited better results on light-off performance than the above inventive examples of
Embodiment 1.

[0121] On the other hand, comparison of the inventive examples (Table 8) of Embodiment 2 with their comparative
examples (Table 9) shows that when the CeO, ratio of the CeZr-based mixed oxide was 20% to 45% by mole, both
inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide was 55% to 75% by mole, both inclusive, the inventive
examples exhibited better results than the comparative examples. It can be said from the above that the effectiveness
of the combination of ZrNd-based mixed oxide primary particles and a secondary particle of a mixture of activated alumina
particles and CeZr-based mixed oxide particles in enhancing the light-off performance is a specific phenomenon within
the above range of CeO, ratios and the above range of ZrO, ratios.

[0122] As can be seen from the description so far, when a secondary particle is formed by activated alumina primary
particles and CeZr-based mixed oxide primary particles, it is preferable that the CeO, ratio of the CeZr-based mixed
oxide is 20% to 45% by mole, both inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide is 55% to 75% by mole,
both inclusive.

<Ratio among Activated Alumina, CeZr-Based Mixed Oxide and ZrNd-Based Mixed Oxide>
- Preparation of Samples -

[0123] According to the above method for preparing a catalyst material, four kinds of catalyst materials of inventive
examples were prepared that had different Al,O4:ZrNdMO:CeZrRO mass ratios among activated alumina and ZrNd-
based mixed oxide and CeZr-based mixed oxide. The catalyst materials of the inventive examples are materials in each
of which Pt is supported on a powdered support material. The support material is a material in which primary particles
of a ZrNd-based mixed oxide are dispersedly carried on the surface of each secondary particle. The secondary particle
is formed so that activated alumina particles and CeZr-based mixed oxide particles are mixed and cohere together.

[0124] Furthermore, four kinds of catalyst materials of comparative examples were likewise prepared that had different
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mass ratios among activated alumina, ZrNd-based mixed oxide and CeZr-based mixed oxide. Each catalyst material is
amaterial in which Ptis carried on a powdered support material obtained by physically mixing activated alumina secondary
particles, CeZr-based mixed oxide secondary particles and ZrNd-based mixed oxide secondary particles.

[0125] The compositions of the four kinds of inventive examples and the four kinds of comparative examples are
shown in the triangular chart of Figure 12. Note that in Figure 12 the value "33" at the center point (33:33:33) of the
triangular chart should be strictly shown as "33+1/3" but is here shown as "33" for convenience.

[0126] Then, samples (catalyst-supported particulate filters) of inventive and comparative examples were obtained
by coating the catalyst materials of the inventive examples and comparative examples on their respective SiC-made
filter supports (filter bodies) having a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. In each of the samples
of the inventive and comparative examples, the amount of catalyst material carried per L of filter was 50g/L, the amount
of Pt carried per L of filter was 1.0 g/L, activated alumina contained La to attain a proportion of La,O5 of 5% by mass,
the CeZr-based mixed oxide was prepared to have a CeO,:ZrO,:Nd,O4 mole ratio of 20:76:4 and the ZrNd-based mixed
oxide was prepared to have a ZrO,:Nd,03:Pr,05 mole ratio of 55:33:12.

- Evaluation on Carbon Burning Property -

[0127] Then, each of the samples of the inventive examples and comparative examples was heat aged in the above-
stated manner, carbon was deposited on the walls of exhaust gas channels in the sample in the above-stated manner
and the sample was then measured in terms of carbon burning rate at 590°C according to the above-stated carbon
burning property test. The measurement results are shown in Table 10 and Figure 13.

[Table 10]

Carbon burning rate (g/hr)

Al;03:ZrNdMO:CeZrRO (mass ratio)
Inventive Example | Comparative Example
66:22:12 1.16 1.08
22:66:12 1.06 0.92
22:12:66 0.92 0.85
33:33:33 1.1 0.92

[0128] Reference to Table 10 and Figure 13 shows that at all of the mixing ratios the inventive examples exhibited
higher carbon burning rates than the comparative examples. Furthermore, for the inventive examples, the highest carbon
burning rate was reached at a Al,05:ZrNdMO:CeZrRO mass ratio of 66:22:12.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -

[0129] Each of the samples of the inventive examples and comparative examples was heat aged in the above-stated
manner and then measured in terms of light-off temperature for conversion of HC and CO according to the above-stated
light-off performance evaluation test, without deposition of carbon thereon. The light-off temperatures for HC conversion
are shownin Table 11 and Figure 14 and the light-off temperatures for CO conversion are shown in Table 11 and Figure 15.

[Table 11]
Light-off temperature T50 (°C)
Al,04:ZrNdMO: HC conversion CO conversion
CeZrRO (mass ratio) | |nventive Example | Comparative Example | Inventive Example | Comparative Example
66:22:12 204 208 190 194
22:66:12 214 217 203 207
22:12:66 220 224 206 211
33:33:33 206 211 193 199

[0130] Reference to Table 11 and Figures 14 and 15 shows that at all of the mixing ratios the inventive examples
exhibited lower light-off temperatures than the comparative examples. Furthermore, for the inventive examples, the
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lowest light-off temperature was reached at a Al,04:ZrNdMO:CeZrRO mass ratio of 66:22:12.
Embodiment 3

[0131] A feature of this embodiment is that the catalyst layer 7 shown in Figure 4 contains catalyst particles (a catalyst
material) as schematically shown in Figure 16. Specifically, the catalyst particle is formed so that primary particles of a
CeZr-based mixed oxide containing Ce, Zr and a rare earth metal R other than Ce (hatched particles; CeZrRO) are
dispersedly carried on the surface of a secondary particle formed by cohesion of primary particles of activated alumina
(particles indicated by unfilled circles; Al,O5). Pt particles (indicated by filled circles) are carried as a catalytic metal on
primary particles of the activated alumina (Al,O3) and primary particles of the CeZr-based mixed oxide (CeZrRO). The
primary particles of activated alumina have a mean particle size of 1 to 100 nm (i.e., not smaller than 1 nm but not greater
than 100nm), the secondary particles of activated alumina have 200 to 500 nm and the primary particles of the CeZr-
based mixed oxide have a mean particle size of 5 to 100 nm.

<Preparation of Catalyst Material>

[0132] The catalyst material can be prepared according to the following method.

- Preparation of Activated Alumina Secondary Particle -

[0133] Powdered activated alumina secondary particles can be prepared in the same manner as in Embodiment 1.
- Preparation of CeZr-Based Mixed Oxide Particle Precursor -

[0134] First prepared is a solution in which the powdered secondary particles are dispersed in an acid solution con-
taining Ce ions, Zr ions and ions of at least one rare earth metal R of Nd and Pr. For this purpose, cerium nitrate (l11)
hexahydrate and Zirconium oxynitrate dihydrate can be used as source materials for Ce and Zr, respectively. Neodymium
nitrate can be used as a source material for R, i.e., Nd and praseodymium nitrate can be used as a source material for
Pr. Respective given amounts of the Ce source material, the Zr source material and the R source material are mixed
with the powdered secondary particles and water.

[0135] Then, a basic solution is added to the above solution and mixed to deposit a precipitate of Ce-Zr-R mixed
hydroxide, which is a precursor of CeZr-based mixed oxide primary particles, on the surfaces of the secondary particles.
In this case, for example, the above mixed solution is stirred at room temperature for about one hour and aqueous
ammonia at a concentration of about 7%, for example, is then mixed as the basic solution to the source solution. Instead
of the aqueous ammonia, another basic solution, such as an aqueous solution of caustic soda, may be used.

- Other Steps for Preparation of Catalyst Material -

[0136] The other steps following the above steps, i.e., the rinsing and dehydration step, the drying and calcining step
and the step of carrying a catalytic metal, are carried out in the same manner as in Embodiment 1.
[0137] Thus, a catalyst material composed of catalyst particles as shown in Figure 16 is obtained.

<Preferred CeZr-Based Mixed Oxide Particle>

[0138] A preferred composition of the CeZr-based mixed oxide particle is basically the same as that in Embodiment
2 (see Figure 11). Specifically, when the CeZr-based mixed oxide particles used Pr as the rare earth metal R, relatively
high carbon burning rates were reached at small proportions of the rare earth metal oxide RO of 0.3% to 2% by mole.
When the Ce-based mixed oxide particles used another rare earth metal, such as Nd, La or Y, relatively high carbon
burning rates were reached at proportions of the rare earth metal oxide RO of 1% to 7% by mole or 1% to 6% by mole.
Furthermore, among the four kinds of rare earth metals, the use of Nd or Pr is most advantageous in enhancing the
carbon burning property, the Nd,O4 ratio is preferably 4% by mole and the Pr,O4 ratio is preferably 1.4% by mole.

<Preferred Composition of Catalyst Particle>
- Preparation of Samples -

[0139] According to the above-stated method for preparing a catalyst material, various kinds of catalyst materials of
inventive examples were prepared that had different proportions of CeO, in CeZr-based mixed oxide particle (CeO,/
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CeZrRO shown in % by mole and also referred to as "CeO, ratios") and different proportions of CeZr-based mixed oxide
particles in the total amount of each activated alumina secondary particle (having a proportion of La,O5 of 5% by mass)
and the CeZr-based mixed oxide particles (hereinafter referred to as "CeZrRO ratios"). Nd was used as the rare earth
metal R for the CeZrR-based mixed oxide particle and the Nd,O4 ratio was fixed at 4% by mole. Furthermore, the catalytic
metal Pt was carried on each support material by evaporation to dryness.

[0140] Furthermore, catalyst materials of comparative examples were obtained by preparing different kinds of CeZr-
based mixed oxide secondary particles having different CeO, ratios and the same Nd,O5 ratio of 4% by mole by
coprecipitation, physically mixing each of them with La-contained activated alumina secondary particles having a pro-
portion of La,O5 of 5% by mass at an appropriate mixing ratio to obtain various kinds of powdered support materials
and carrying Pt on each of them by evaporation to dryness. The secondary particles of the CeZr-based mixed oxide
were prepared by obtaining a precursor of primary particles of the CeZr-based mixed oxide by coprecipitation, subjecting
it to rinsing, drying and calcining under the same conditions as the case of dispersive carrying of primary particles of the
CeZr-based mixed oxide on the surface of each activated alumina secondary particle, and then grinding it.

[0141] Then, according to the previously stated method for preparing a sample, samples (catalyst-supported particulate
filters) were obtained by coating the catalyst materials of the inventive examples and comparative examples on their
respective SiC-made filter supports having a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. The amount
of each catalyst material carried per L of filter was 50 g/L, and the amount of Pt carried per L of filter was 1.0 g/L. Then,
each sample was heat aged by keeping it at 800°C for 24 hours in the atmospheric environment.

- Evaluation on Carbon Burning Property -

[0142] For each of the samples of the inventive examples and comparative examples, an amount of carbon (carbon
black) corresponding to 10g per L of filter was deposited on the walls of exhaust gas channels in the sample and the
sample was then measured in terms of carbon burning rate at 590°C according to the above-stated carbon burning
property test. The measurement results on the inventive examples and the measurement results on the comparative
examples are shown in Tables 12 and 13, respectively.

[Table 12]
Inventive Example; Carbon burning rate (g/hr, 590°C)
Ce0,/CeZrRO ratio
No.1 No.2 No.3 No.4 No.5
10% by mole | 20% by mole | 45% by mole | 60% by mole | 80% by mole
0,
a 25% by 0.78 0.79 0.775
mass
0,
b S:f by 0.74 0.8 0.815 0.79 0.74
CeZrRO/ ass
[0)
(CezrRO | 50% by 0.8 0.805 0.79
+Al,03) mass
ratio o
d 75% by 0.765 0.77 0.75
mass
0,
e 90% by 0.71 0.71 0.7
mass

Primary particles of mixed oxide CeZrRO are carried on each secondary particle of activated alumina.
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[Table 13]
Comparative Example; Carbon burning rate (g/hr, 590°C)
Ce0,/CeZrRO ratio
No.1 No.2 No.3 No.4 No.5
10% by mole | 20% by mole | 45%bymole | 60% bymole | 80% by mole
a 25% by mass 0.81
CeZrRO/ b 35% by mass 0.75 0.77 0.795 0.785 0.76
(CezrRO - = "5 0% by mass 0.785
+AlL,0s) fitd :
ratio d 75% by mass 0.76
e 90% by mass 0.7
Activated alumina secondary particles and mixed oxide CeZrRO secondary particles are mixed.

[0143] Comparison of the inventive examples (Table 12) with their comparative examples (Table 13) shows that when
the CeO, ratio was 20%, 45% and 60% by mole, the inventive examples exhibited higher carbon burning rates than the
comparative examples, except for when the CeO, ratio was 45% by mole and the CeZrRO ratio was 25% by mass.
Particularly, Inventive Example 3b (having a CeO, ratio of 45% by mole and a CeZrRO ratio of 35% by mass) exhibited
a high carbon burning rate.

[0144] The reason for these results can be considered to be that since in the inventive examples each kind of CeZr-
based mixed oxide was dispersedly carried in the form of primary particles of small particle size on the surface of each
secondary particle of activated alumina, the amount of oxygen storage/release of the CeZr-based mixed oxide increased
and the CeZr-based mixed oxide primary particles were less likely to cause a cohesion due to heat, i.e., the heat
resistance of the catalyst material increased.

[0145] In this context, graphically shown in Figure 17 are the carbon burning rates of Inventive Examples 1b, 2b, 3b,
4b and 5b and Comparative Examples 1b, 2b, 3b, 4b and 5b having a fixed CeZrRO ratio of 35% by mass and different
CeO, ratios. Furthermore, graphically shown in Figure 18 are the carbon burning rates of Inventive Examples 3a to 3e
and Comparative Examples 3a to 3e having a fixed CeO, ratio of 45% by mole and different CeZrRO ratios.

[0146] Reference to Figure 17 shows that when the CeO, ratio was 15% to 60% by mole, both inclusive, the inventive
examples exhibited higher carbon burning rates than their comparative examples and that even when the CeO, ratio
was 15% by mole, the inventive example can be expected to have a higher carbon burning rate than its comparative
example. Therefore, it can be said that the CeO, ratio is preferably 15% to 60% by mole, both inclusive. The CeO, ratio
is more preferably 20% to 55% by mole, both inclusive, and still more preferably 20% to 45% by mole, both inclusive.
[0147] Reference to Figure 18 shows that when the CeZrRO ratio was 35% to 90% by mass, both inclusive, the
inventive examples had higher carbon burning rates than their comparative examples and that even when the CeZrRO
ratio was 30% by mass, the inventive example can be expected to have a higher carbon burning rate than its comparative
example. Therefore, it can be said that the CeZrRO ratio is preferably 30% to 90% by mass, both inclusive. The CeZrRO
ratio is more preferably 35% to 75% by mass, both inclusive, and still more preferably 35% to 50% by mass, both inclusive.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -
[0148] Each of the samples of the inventive examples and comparative examples was measured in terms of light-off
performance for conversion of HC and CO in exhaust gas in the same manner as the light-off performance test in

Embodiment 1 without deposition of carbon black. The measurement results on the inventive examples and the meas-
urement results on the comparative examples are shown in Tables 14 and 15, respectively.
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[Table 14]

Inventive Example; Light-off temperature T50 (°C)

Ce0,/CeZrRO ratio
No.1 No.2 No.3 No.4 No.5
10% by mole | 20% by mole | 45% by mole | 60% by mole | 80% by mole

HC CcO HC (6]0] HC CcO HC (6]0] HC Co
a 25% by mass 209 193 | 208 190 | 215 | 202

CeZrRO/ b 35%bymass | 226 | 208 | 209 193 | 208 190 | 216 | 201 232 | 217
(Szizi()) c 50% by mass 211 194 | 209 191 216 | 200
ratio d 75% by mass 216 199 | 214 198 | 221 204
e 90% by mass 223 | 208 | 223 | 208 | 227 | 211

Primary particles of mixed oxide CeZrRO are carried on each secondary particle of activated alumina.

[Table 15]

Comparative Example; Light-off temperature T50 (°C)

Ce0,/CeZrRO ratio
No.1 No.2 No.3 No.4 No.5
10% by mole | 20% by mole | 45% by mole | 60% by mole | 80% by mole

HC CO HC Cco HC CO HC Cco HC CO
a 25% by mass 210 193

CeZrRO/ b 35%bymass | 222 206 215 200 212 195 216 201 230 211
(CeZrRO c 50% by mass 214 197
*AOz ratio [ T 759, by mass 219 | 203
e 90% by mass 230 215

Activated alumina secondary particles and mixed oxide CeZrRO secondary particles are mixed.

[0149] Reference to Tables 14 and 15 shows that when the CeO, ratio was 45% by mole, the inventive examples
exhibited lower light-off temperatures at all of the CeZrRO ratios than their comparative examples. Furthermore, when
the CeZrRO ratio was 35% by mass, the inventive examples generally exhibited lower light-off temperatures than their
comparative examples, except for when the CeO, ratio was small and large. The reason for these results can also be
considered to be that the inventive examples increased the amount of oxygen storage/release and the heat resistance
as compared to the comparative examples.

[0150] In this context, graphically shown in Figure 19 are the light-off temperatures of Inventive Examples 1b, 2b, 3b,
4b and 5b and Comparative Examples 1b, 2b, 3b, 4b and 5b having a fixed CeZrRO ratio of 35% by mass and different
CeO, ratios. Furthermore, graphically shown in Figure 20 are the light-off temperatures of Inventive Examples 3a to 3e
and Comparative Examples 3a to 3e having a fixed CeO, ratio of 45% by mole and different CeZrRO ratios.

[0151] Reference to Figure 19 shows that when the CeO, ratio was 15% to 60% by mole, both inclusive, one of the
inventive examples and its comparative example had the same light-off temperature for both of HC and CO conversion
and the other inventive examples had lower light-off temperatures than their comparative examples and that particularly
when the CeO, ratio was 20% to 45% by mole, both inclusive, the inventive examples exhibited low light-off temperatures.
[0152] Reference to Figure 20 shows that when the CeZrRO ratio was 25% to 90% by mass, both inclusive, the
inventive examples had lower light-off temperatures than their comparative examples and that even when the CeZrRO
ratio was 20% by mass, the inventive example can be expected to a lower light-off temperature than its comparative
example. Furthermore, Figure 20 shows that particularly when the CeZrRO ratio was 25% to 75% by mass, both inclusive,
the inventive examples exhibited low light-off temperatures and, therefore, had high catalytic activity at low temperatures.
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Embodiment 4

[0153] This embodiment is characterized in that each secondary particle on which CeZr-based mixed oxide particles
are carried is composed of primary particles of activated alumina and primary particles of a ZrNd-based mixed oxide.
The other structural features of the catalyst particle are the same as in Embodiment 3. In this case, primary particles of
activated alumina and primary particles of the ZrNd-based mixed oxide having oxygen ion conductivity are mixed and
cohere together to form a secondary particle. A catalytic metal is carried not only on primary particles of the CeZr-based
mixed oxide and primary particles of the activated alumina but also on primary particles of the ZrNd-based mixed oxide.
The primary particles of the ZrNd-based mixed oxide have a mean particle size of 5 to 50 nm.

<Preparation of Catalyst Material>

[0154] The catalyst material can be prepared according to the following method.

- Preparation of Activated Alumina Particle Precursor -

[0155] A precursor of activated alumina particles can be prepared in the same manner as in Embodiment 1.
- Preparation of ZrNd-Based Mixed Oxide Particle Precursor -

[0156] First, a source solution containing Zr ions, Nd ions and ions of a rare earth metal M other than Ce and Nd is
prepared. Then, a basic solution is added to the source solution and mixed to produce precipitated particles of a Zr-Nd-
M mixed hydroxide that is a precursor of ZrNd-based mixed oxide primary particles. In this case, for example, the source
solution is stirred at room temperature for about one hour and aqueous ammonia at a concentration of about 7%, for
example, is then mixed as the basic solution to the source solution. Instead of the aqueous ammonia, another basic
solution, such as an aqueous solution of caustic soda, may be used.

- Formation of Powdered Secondary Particles -

[0157] Powdered secondary particles each made of the activated alumina particle precursor and the ZrNd-based
mixed oxide particle precursor obtained in the above steps (powdered secondary particles in each of which activated
alumina primary particles and ZrNd-based mixed oxide primary particles are mixed and cohere together) can be formed
in the same manner as the formation of powdered secondary particles each made of the activated alumina particle
precursor and the CeZr-based mixed oxide particle precursor in Embodiment 2.

- Other Steps for Preparation of Catalyst Material -

[0158] The other steps following the above steps, i.e., the preparation of a CeZr-based mixed oxide particle precursor,
the rinsing and dehydration step, the drying and calcining step and the step of carrying a catalytic metal, are carried out
in the same manner as in Embodiment 3.

<Preferred ZrNd-Based Mixed Oxide Particle>

[0159] A preferred composition of the ZrNd-based mixed oxide particle is basically the same as that in Embodiment
1 (see Table 1 and Figure 6). Therefore, it is preferable that the ZrNd-based mixed oxide particle uses La, Pror Y as
the rare earth metal M. In the cases where the proportion of rare earth metal M oxide is low, the use of La as the rare
earth metal M is advantageous in increasing the carbon burning rate. On the other hand, in the cases where the proportion
of rare earth metal M oxide is high, the use of Pr as the rare earth metal M is advantageous in increasing the carbon
burning rate. Furthermore, the proportion of the total amount of neodymium oxide and M oxide is preferably more than
20% by mole in enhancing the particulate burning property. Particularly, it is preferable to attain a proportion of the above
total amount of over 20% by mole while raising the proportion of neodymium oxide or praseodymium oxide. On the other
hand, the proportion of the above total amount is preferably less than 45% by mole and more preferably less than 40%
by mole in order to restrain the amount of CO produced from increasing owing to imperfect combustion of carbon.
Furthermore, as can be seen from Figure 6, when the ZrNd-based mixed oxide uses Pr as the rare earth metal M, the
proportion of Pr,O3 is preferably 6% by mole or higher in order to increase the carbon burning rate. On the other hand,
when the ZrNd-based mixed oxide uses La as the rare earth metal M, the proportion of La,0O is preferably 20% by mole
or lower.
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<CeO, Ratio of CeZr-Based Mixed Oxide and ZrO, Ratio of Zr-Based Mixed Oxide>
- Preparation of Samples -

[0160] According to the above method for preparing a catalyst material, a plurality of kinds of catalyst materials of
inventive examples were prepared that had a fixed Al,O3:ZrNdMO:CeZrRO mass ratio among activated alumina, Nd-
contained Zr-based mixed oxide and CeZr-based mixed oxide of 66:22:12, different proportions of CeO, in CeZr-based
mixed oxide (also referred to as "CeO, ratios") and different proportions of ZrO, in Zr-based mixed oxide (hereinafter
referred to as "ZrO, ratios"). The catalyst materials of the inventive examples are materials in each of which Pt is
supported on a powdered support material. The support material is a material in which primary particles of a CeZr-based
mixed oxide are dispersedly carried on the surface of each secondary particle. The secondary particle is formed so that
activated alumina particles and Zr-based mixed oxide particles are mixed and cohere together.

[0161] Then, samples (catalyst-supported particulate filters) of inventive examples were obtained by coating the cat-
alyst materials of the inventive examples on their respective SiC-made filter supports (filter bodies) having a volume of
25 mL, a cell wall thickness of 12 mil and 300 cpsi. In each of the samples of the inventive examples, the amount of
catalyst material carried per L of filter was 50g/L, the amount of Pt carried per L of filter was 1.0 g/L, activated alumina
was contained La to attain a proportion of La,05 of 5% by mass, the CeZr-based mixed oxide contained Nd as the rare
earth metal R to attain a proportion of Nd,O5 of 4% by mole and the Nd-contained Zr-based mixed oxide contained Pr
as the rare earth metal M to attain a proportion of Pr,05 of 12% by mole.

- Evaluation on Carbon Burning Property -

[0162] Then, each of the samples of the inventive examples was heat aged in the above-stated manner, carbon was
deposited on the walls of exhaust gas channels in the sample in the above-stated manner and the sample was then
measured in terms of carbon burning rate at 590°C according to the above-stated carbon burning property test. The
measurement results on the inventive examples are shown in Table 16.

[Table 16]
Inventive Example; Carbon burning rate (g/hr, 590°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole 75% by mole 80% by mole 90% by mole
a 10 % by mole 1.01 0.97 0.85
CeO, b 20% by mole 1.17 1.1 0.89 0.81
/CeZrRO c 45% by mole 1.13 1.11 0.91 0.81
ratio d 60% by mole 0.96 0.93
e 80% by mole 0.88 0.86
Primary particles of mixed oxide CeZrRO are carried on each secondary particle composed of activated alumina
primary particles and mixed oxide ZrNdMO primary particles.

[0163] Since the inventive examples of Embodiment 4 have a Al,O5:ZrNdMO:CeZrRO mass ratio of 66:22:12, their
CeZrRO/(Al,05+CeZrRO) mass ratio is 15% by mass. On the other hand, the lowest CeZrRO ratio in all of the inventive
examples of Embodiment 3 shown in Table 12 is 25% by mass. Therefore, although easy comparison cannot be made
between the inventive examples of Embodiment 3 and the inventive examples of Embodiment 4, reference to the inventive
examples of Embodiment 3 shows that when the CeZrRO ratio became lower than 35% by mass at which the carbon
burning rate reached peaks, the carbon burning rate tended to drop and that even when the CeZrRO ratio was 35% by
mass, the maximum carbon burning rate was 0.815 g/hr in Inventive Example 3b. On the other hand, reference to the
inventive examples of Embodiment 4 (Table 16) shows that in all of the inventive examples but those at a ZrO, ratio of
90% by mole their carbon burning rates were higher than those of the inventive examples of Embodiment 3. These
results are due to the oxygen ion conductivity of ZrNd-based mixed oxide primary particles contained in each secondary
particle of Embodiment 4.

[0164] Furthermore, comparison of the inventive examples (Table 16) of Embodiment 4 with the comparative examples
(Table 7) of Embodiment 2 shows that when the CeO, ratio of the CeZr-based mixed oxide was 20% to 45% by mole,
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both inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide was 55% to 75% by mole, both inclusive, the inventive
examples exhibited better results than the comparative examples. It can be said from the above that the effectiveness
of the combination of CeZr-based mixed oxide primary particles and a secondary particle of a mixture of activated alumina
particles and ZrNd-based mixed oxide particles in enhancing the carbon burning rate is a specific phenomenon within
the above range of CeO, ratios and the above range of ZrO, ratios.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -

[0165] Each of the samples of the inventive examples was heat aged in the above-stated manner and then measured
in terms of light-off temperature for conversion of HC and CO according to the above-stated light-off performance
evaluation test, without deposition of carbon thereon. The measurement results on the inventive examples are shown
in Table 17.

[Table 17]
Inventive Example; Light-off temperature T50 (°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole 75% by mole 80% by mole 90% by mole
HC CO HC CO HC CO HC CO
10%
a by 213 199 216 206
mole
20%
b by 205 192 209 195 220 207 222 210
mole
CeO, 45%
/CeZrR c by 204 191 208 193 218 205 221 209
O ratio mole
60%
d by 212 200 217 203
mole
80%
e by 218 204 222 209
mole

Primary particle particles of mixed oxide CeZrRO are carried on each secondary composed of activated alumina
primary particles and mixed oxide ZrNdMO primary particles.

[0166] Comparison of the inventive examples (Table 17) of Embodiment 4 with the inventive examples (Table 14) of
Embodiment 3 shows that there was no significant difference in light-off performance for exhaust gas conversion between
those of Embodiment 4 and those of Embodiment 3. In contrast, comparison of the inventive examples (Table 17) of
Embodiment 4 with the comparative examples (Table 9) of Embodiment 2 shows that when the CeO, ratio of the CeZr-
based mixed oxide was 20% to 45% by mole, both inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide was
55% to 75% by mole, both inclusive, the inventive examples exhibited better results than the comparative examples. It
can be said from the above that the effectiveness of the combination of CeZr-based mixed oxide primary particles and
a secondary particle of a mixture of activated alumina particles and ZrNd-based mixed oxide particles in enhancing the
light-off performance is a specific phenomenon within the above range of CeO, ratios and the above range of ZrO, ratios.
[0167] As can be seen from the above, when a secondary particle is formed by activated alumina primary particles
and Zr-based mixed oxide primary particle, it is preferable that the CeO, ratio of the CeZr-based mixed oxide is 20% to
45% by mole, both inclusive, and the ZrO, ratio of the ZrNd-based mixed oxide is 55% to 75% by mole, both inclusive.
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<Ratio among Activated Alumina, CeZr-Based Mixed Oxide and ZrNd-Based Mixed Oxide>
- Preparation of Samples -

[0168] According to the above method for preparing a catalyst material, four kinds of catalyst materials of inventive
examples were prepared that had different Al,05:ZrNdMO:CeZrRO mass ratios among activated alumina and ZrNd-
based mixed oxide and CeZr-based mixed oxide. The catalyst materials of the inventive examples are materials in each
of which Pt is supported on a powdered support material. The support material is a material in which primary particles
of a CeZr-based mixed oxide are dispersedly carried on the surface of each secondary particle. The secondary particle
is formed so that activated alumina particles and ZrNd-based mixed oxide particles are mixed and cohere together. The
compositions of the four kinds of inventive examples are shown in the triangular chart of Figure 12.

[0169] Then, samples (catalyst-supported particulate filters) of inventive examples were obtained by coating the cat-
alyst materials of the inventive examples on their respective SiC-made filter supports (filter bodies) having a volume of
25 mL, a cell wall thickness of 12 mil and 300 cpsi. In each of the samples of the inventive examples, the amount of
catalyst material carried per L of filter was 50g/L, the amount of Pt carried per L of filter was 1.0 g/L, activated alumina
was contained La to attain a proportion of La,O5 of 5% by mass, the CeZr-based mixed oxide was prepared to have a
Ce0,:2r0,:Nd,05 mole ratio of 20:76:4 and the ZrNd-based mixed oxide was prepared to have a ZrO,:Nd,03:Pr,04
mole ratio of 55:33:12.

- Evaluation on Carbon Burning Property -

[0170] Then, each of the samples of the inventive examples was heat aged in the above-stated manner, carbon was
deposited on the walls of exhaust gas channels in the sample in the above-stated manner and the sample was then
measured in terms of carbon burning rate at 590°C according to the above-stated carbon burning property test. The
measurement results are shown in Table 18 and Figure 21. Note that the comparative examples in Table 18 and Figure
21 are the comparative examples of Embodiment 2.

[Table 18]

Carbon burning rate (g/hr)

Al;03:ZrNdMO:CeZrRO (mass ratio)

Inventive Example | Comparative Example
66:22:12 1.17 1.08
22:66:12 1.03 0.92
22:12:66 0.93 0.85
33:33:33 1.12 0.92

[0171] Reference to Table 18 and Figure 21 shows that at all of the mixing ratios the inventive examples exhibited
higher carbon burning rates than the comparative examples. Furthermore, for the inventive examples, the highest carbon
burning rate was reached at a Al,05:ZrNdMO:CeZrRO mass ratio of 66:22:12.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -

[0172] Each of the samples of the inventive examples was heat aged in the above-stated manner and then measured
in terms of light-off temperature for conversion of HC and CO according to the above-stated light-off performance
evaluation test, without deposition of carbon thereon. The light-off temperatures for HC conversion are shown in Table
19 and Figure 22 and the light-off temperatures for CO conversion are shown in Table 19 and Figure 23. Note that the
comparative examples in Table 19 and Figures 22 and 23 are the comparative examples of Embodiment 2.

[Table 19]
Light-off temperature T50 (°C)

Al;O04:ZrNdMO: HC conversion CO conversion

CeZrRO (mass ratio) | |nventive Example | Comparative Example | Inventive Example | Comparative Example
66:22:12 203 208 189 194

29



10

15

20

25

30

35

40

45

50

55

EP 2 055 366 B1

(continued)

Light-off temperature T50 (°C)

CO conversion

Al,05:ZrNdMO: HC conversion
CeZrRO (mass ratio) | |nventive Example | Comparative Example | Inventive Example | Comparative Example
22:66:12 214 217 204 207
22:12:66 214 224 203 211
33:33:33 206 211 194 199

[0173] Reference to Table 19 and Figures 22 and 23 shows that at all of the mixing ratios the inventive examples
exhibited lower light-off temperatures than the comparative examples. Furthermore, for the inventive examples, the
lowest light-off temperature was reached at a Al,05:ZrNdMO:CeZrRO mass ratio of 66:22:12.

Embodiment 5

[0174] A feature of this embodiment is that the catalyst layer 7 shown in Figure 4 contains catalyst particles (a catalyst
material) as schematically shown in Figure 24. Specifically, the catalyst particle is formed so that primary particles of a
CeZr-based mixed oxide (hatched particles; CeZrRO) are dispersedly carried on the surface of a secondary particle
formed by cohesion of primary particles of a ZrNd-based mixed oxide (particles indicated by unfilled circles; ZrNdMO).
Furthermore, Pt particles (indicated by filled circles) are carried as a catalytic metal on primary particles of the ZrNd-
based mixed oxide (ZrNdMO) and primary particles of the CeZr-based mixed oxide (CeZrRO). The primary particles of
the ZrNd-based mixed oxide have a mean particle size of 5 to 50 nm (not smaller than 1 nm but not greater than 100
nm), the secondary particles of the ZrNd-based mixed oxide have 200 to 500 nm and the primary particles of the CeZr-
based mixed oxide have a mean particle size of 5 to 100 nm.

<Preparation of Catalyst Material>
[0175] The catalyst material can be prepared according to the following method.
- Preparation of ZrNd-Based Mixed Oxide Particle Precursor -

[0176] A precursor of the ZrNd-based mixed oxide particles can be prepared in the same manner as in Embodiment 4.
- Preparation of Powdered ZrNd-Based Mixed Oxide Secondary Particles -

[0177] Like the preparation of powdered activated alumina secondary particles in Embodiment 1, a precipitate of the
precursor of ZrNd-based mixed oxide particles is subjected to the rinsing and dehydration step and the drying and
calcining step to obtain powdered secondary particles each formed by cohesion of primary particles of the ZrNd-based
mixed oxide.

- Other Steps for Preparation of Catalyst Material -

[0178] The other steps following the above steps, i.e., the preparation of a CeZr-based mixed oxide particle precursor,
the rinsing and dehydration step, the drying and calcining step and the step of carrying a catalytic metal, are carried out
in the same manner as in Embodiment 3.

<Preferred ZzNd-Based Mixed Oxide Particle>

[0179] A preferred composition of the ZrNd-based mixed oxide particle is the same as that in Embodiment 4 (see
Table 1 and Figure 6).

<Preferred CeZr-Based Mixed Oxide Particle>

[0180] A preferred composition of the CeZr-based mixed oxide particle is the same as that in Embodiment 3 (see
Figure 11).
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<Preferred Composition of Catalyst Particle>
- Preparation of Samples -

[0181] According to the above-stated method for preparing a catalyst material, various kinds of catalyst materials of
inventive examples were prepared that had different proportions of a ZrNd-based mixed oxide in the total amount of the
ZrNd-based mixed oxide and a CeZr-based mixed oxide (ZrNdMO/(CeZrRO+ZrNdMO)shown in % by mass and here-
inafter referred to as "ZrNdMO ratios").

[0182] Furthermore, various kinds of catalyst materials of comparative examples were obtained by preparing secondary
particles of a ZrNd-based mixed oxide and secondary particles of a CeZr-based mixed oxide by coprecipitation, physically
mixing the two kinds of secondary particles at various mixing ratios to obtain various kinds of support materials and
carrying Pt on each of them by evaporation to dryness. The secondary particles of the CeZrbased mixed oxide were
prepared by obtaining a precursor of the CeZr-based mixed oxide by coprecipitation and subjecting it to rinsing, drying
and calcining under the same conditions as the case of preparation of secondary particles of the ZrNd-based mixed oxide.
[0183] In each of the inventive and comparative examples, the ZrNd-based mixed oxide had a ZrO,:Nd,O5:Pr,04
mole ratio of 76:12:12 and the CeZr-based mixed oxide had a Ce0,:ZrO,:Nd,05; mole ratio of 24:72:4.

[0184] Then, accordingto the previously stated method for preparing a sample, samples (catalyst-supported particulate
filters) were obtained by coating the catalyst materials of the inventive examples and comparative examples on their
respective SiC-made filter supports having a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. The amount
of each catalyst material carried per L of filter was 50 g/L, and the amount of Pt carried per L of filter was 1.0 g/L. Then,
each sample was heat aged by keeping it at 800°C for 24 hours in the atmospheric environment.

- Evaluation on Carbon Burning Property -

[0185] For each of the samples of the inventive examples and comparative examples, an amount of carbon (carbon
black) corresponding to 10g per L of filter was deposited on the walls of exhaust gas channels in the sample and the
sample was then measured in terms of carbon burning rate at 590°C according to the above-stated carbon burning
property test. The measurement results are shown in Figure 25.

[0186] Reference to Figure 25 shows that when the ZrNdMO ratio was 25% to 67% by mass, both inclusive, the
inventive examples exhibited higher carbon burning rates than the comparative examples. Even when the ZrNdMO ratio
was 20% and 75% by mass, the inventive examples can be expected to have higher carbon burning rates than their
comparative examples. The reason for these results can be considered to be that since in the inventive examples the
CeZr-based mixed oxide was dispersedly carried in the form of small primary particles on the surface of each secondary
particle of the ZrNd-based mixed oxide, the oxygen storage/release efficiency of the CeZr-based mixed oxide increased
and the heat resistance increased.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -

[0187] Furthermore, each of the samples of the inventive examples and comparative examples was measured in
terms of light-off temperature for conversion of HC and CO according to the above-stated light-off performance evaluation
test. The measurement results are shown in Figure 26.

[0188] Reference to Figure 26 shows that when the ZrNdMO ratio was 25% to 67% by mass, both inclusive, the
inventive examples exhibited lower light-off temperatures than the comparative examples. Even when the ZrNdMO ratio
was 20% and 75% by mass, the inventive examples can be expected to have lower light-off temperatures than their
comparative examples. The reason for these results can also be considered to be that since in the inventive examples
the CeZr-based mixed oxide was dispersedly carried in the form of small primary particles on the surface of each
secondary particle of the ZrNd-based mixed oxide, the oxygen storage/release efficiency of the CeZr-based mixed oxide
increased and the heat resistance increased.

[0189] It can be said from the above that the ZrNdMO ratio is preferably 20% to 75% by mass, both inclusive, and
more preferably 25% to 67% by mass, both inclusive.

<ZrO, Ratio of ZrNd-Based Mixed Oxide and CeO, Ratio of CeZr-Based Mixed Oxide>
- Preparation of Samples -
[0190] According to the above-stated method for preparing a catalyst material, various kinds of catalyst materials of

inventive examples were prepared that had different ZrO, ratios of ZrNd-based mixed oxide (ZrO,/ZrNdMO shown in
% by mole) and different CeO, ratios of CeZr-based mixed oxide (CeO,/CeZrRO shown in % by mole). Pr was used as
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the rare earth metal M for the ZrNd-based mixed oxide particle and the Pr,0; ratio was fixed at 12% by mole. Nd was
used as the rare earth metal R for the CeZr-based mixed oxide particle and the Nd,O4 ratio was fixed at 4% by mole.
Furthermore, the catalytic metal Pt was carried on each support material by evaporation to dryness. The CeZrRO ratio
was fixed at 67% by mass.

[0191] Furthermore, catalyst materials of comparative examples were obtained by preparing different kinds of CeZr-
based mixed oxide secondary particles having different CeO, ratios and the same Nd,O5 ratio of 4% by mole by
coprecipitation, preparing different kinds of ZrNd-based mixed oxide secondary particles having different ZrO, ratios
and the same Pr,05 ratio of 12% by mole by coprecipitation, physically mixing each kind of CeZr-based mixed oxide
secondary particles with each kind of ZrNd-based mixed oxide secondary particles to attain a CeZrRO ratio of 67% by
mass and thereby obtain various kinds of powdered support materials and carrying Pt on each of them by evaporation
to dryness.

[0192] Then, accordingto the previously stated method for preparing a sample, samples (catalyst-supported particulate
filters) were obtained by coating the catalyst materials of the inventive examples and comparative examples on their
respective SiC-made filter supports having a volume of 25 mL, a cell wall thickness of 12 mil and 300 cpsi. The amount
of each catalyst material carried per L of filter was 50 g/L, and the amount of Pt carried per L of filter was 1.0 g/L. Then,
each sample was heat aged by keeping it at 800°C for 24 hours in the atmospheric environment.

- Evaluation on Carbon Burning Property -

[0193] For each of the samples of the inventive examples and comparative examples, an amount of carbon (carbon
black) corresponding to 10g per L of filter was deposited on the walls of exhaust gas channels in the sample and the
sample was then measured in terms of carbon burning rate at 590°C according to the above-stated carbon burning
property test. The measurement results on the inventive examples and the measurement results on the comparative
examples are shown in Tables 20 and 21, respectively.

[Table 20]
Inventive Example; Carbon burning rate (g/hr, 590°C)

ZrO,/ZrNdMO ratio

No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole

a 10% by mole 0.91 0.87 0.83
b 20% by mole 1.01 0.93 0.85 0.75
Ceo2r; Ct:iﬁero c 45% by mole 1.02 0.91 0.82 072

d 60% by mole 0.91 0.86 0.78

e 80% by mole 0.89 0.79

Primary particles of mixed oxide CeZrRO are carried on each secondary particle of mixed oxide ZrNdMO.

[Table 21]
Comparative Example; Carbon burning rate (g/hr, 590°C)
ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole
a 10% by mole 0.935 0.9
b 20% by mole 0.945 0.89 0.87
Ce0, /CeZrRO ratio c 45% by mole 0.95 0.89
d 60% by mole 0.94
e 80% by mole 0.92
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(continued)

Comparative Example; Carbon burning rate (g/hr, 590°C)

ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4
55% by mole | 75% by mole | 80% by mole | 90% by mole

Mixed oxide ZrNdMO secondary particles and mixed oxide CeZrRO secondary particles are mixed.

[0194] Reference to Tables 20 and 21 shows that when the CeO, ratio was 20% to 45% by mole, both inclusive, and
the ZrO, ratio was 55% to 75% by mole, both inclusive, the inventive examples exhibited higher carbon burning rates
than the comparative examples. The reason for these results can be considered to be that in the inventive examples
the CeZr-based mixed oxide was dispersedly carried in the form of small primary particles on the surface of each
secondary particle of the ZrNd-based mixed oxide. It can be said from the above that the effectiveness of the combination
of a secondary particle of a ZrNd-based mixed oxide and primary particles of a CeZr-based mixed oxide in enhancing
the carbon burning rate is a specific phenomenon within the above range of CeO, ratios and the above range of ZrO, ratios.

- Evaluation of Light-off Performance for Exhaust Gas Conversion -

[0195] Furthermore, each of the samples of the inventive examples and comparative examples (the same as shown
in Tables 20 and 21) was measured in terms of light-off temperature for conversion of HC and CO according to the
above-stated light-off performance evaluation test. The measurement results on the inventive examples and the meas-
urement results on the comparative examples are shown in Tables 22 and 23, respectively.

[Table 22]
Inventive Example; Light-off temperature T50 (°C)

ZrO,/ZrNdMO ratio

No.1 No.2 No.3 No.4

55% by mole | 75% by mole | 80% by mole | 90% by mole
HC CoO HC CoO HC CcoO HC CoO
10% by mole | 219 | 208 | 227 | 211
20% bymole | 212 | 198 | 216 | 205 | 226 | 214 | 233 | 221
CeO, /CeZrRO ratio c 45% bymole | 213 | 199 | 214 | 204 | 225 | 209 | 230 | 219
d 60% by mole | 220 | 205 | 225 | 213 | 227 | 215
e 80% by mole | 225 213 | 229 218

T | Qo

Primary particles of mixed oxide CeZrRO are carried on each secondary particle of mixed oxide ZrNdMO.
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[Table 23]

Comparative Example; Light-off temperature T50 (°C)

ZrO,/ZrNdMO ratio
No.1 No.2 No.3 No.4

55% by mole | 75% by mole | 80% by mole | 90% by mole
HC CcO HC CcO HC Cco HC Cco
10% by mole | 218 | 206 | 224 | 209
20% bymole | 216 | 203 | 226 | 213 | 224 | 213
Ce0, /CeZrRO ratio c 45% by mole | 219 | 206 | 223 | 211
d 60% by mole | 219 | 204 | 223 | 210
e 80% by mole | 225 | 211 228 | 214

Mixed oxide ZrNdMO secondary particles and mixed oxide CeZrRO secondary particles are mixed.

T |

[0196] Reference to Tables 22 and 23 shows that when the CeO, ratio was 20% to 45% by mole, both inclusive, and
the ZrO, ratio was 55% to 75% by mole, both inclusive, the inventive examples exhibited lower light-off temperatures
than the comparative examples. The reason for these results can also be considered to be that in the inventive examples
the CeZr-based mixed oxide was dispersedly carried in the form of small primary particles on the surface of each
secondary particle of the ZrNd-based mixed oxide. It can be said from this that the effectiveness of the combination of
a secondary particle of a ZrNd-based mixed oxide and primary particles of a CeZr-based mixed oxide in enhancing the
light-off performance is a specific phenomenon within the above range of CeO, ratios and the above range of ZrO, ratios.

Claims

1. A catalyst-supported particulate filter in which a catalyst layer is formed on the walls of exhaust gas channels in a
filter body for trapping particulates exhausted from an engine, wherein
the catalyst layer contains a catalyst material containing at least two kinds of primary particles selected from the
group consisting of:

primary particles of activated alumina;

primary particles of a ZrNd-based mixed oxide containing Zr, Nd and a rare earth metal M other than Ce and
Nd; and

primary particles of a CeZr-based mixed oxide containing Ce, Zr and a rare earth metal R other than Ce,

the catalyst material is formed

- so that primary particles of the CeZr-based mixed oxide are dispersedly carried on the surface of each of
secondary particles formed by cohesion of at least one kind of primary particles selected from the group
consisting of primary particles of activated alumina and primary particles of the ZrNd-based mixed oxide

- or so that primary particles of the ZrNd-based mixed oxide are dispersedly carried on the surface of each
of secondary particles formed by cohesion of at least one kind of primary particles selected from the group
consisting of primary particles of activated alumina and primary particles of the CeZr-based mixed oxide, and

Pt is carried as a catalytic metal on the secondary particles.

2. The catalyst-supported particulate filter of claim 1, wherein
each of the secondary particles is formed by cohesion of primary particles of activated alumina,
primary particles of the ZrNd-based mixed oxide are dispersedly carried on the surface of each of the secondary
particles, and
each of the primary particles of the ZrNd-based mixed oxide contains ZrO, at a proportion of 55% by mole inclusive
to 90% by mole exclusive.

3. The catalyst-supported particulate filter of claim 2, wherein the proportion of the primary particles of the ZrNd-based
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mixed oxide in the total amount of the primary particles of activated alumina and the primary particles of the ZrNd-
based mixed oxide is 20% to 90% by mass, both inclusive.

The catalyst-supported particulate filter of claim 2 or 3, wherein the rare earth metal M in the ZrNd-based mixed
oxide is at least one selected from the group consisting of La and Pr, and the ZrNd-based mixed oxide contains the
oxide M,O4 of the rare earth metal M at a proportion of 20% by mole or less.

The catalyst-supported particulate filter of claim 1, wherein

each of the secondary particles is formed by cohesion of a mixture of primary particles of activated alumina and
primary particles of the CeZr-based mixed oxide,

primary particles of the ZrNd-based mixed oxide are dispersedly carried on the surface of each of the secondary
particles,

each of the primary particles of the CeZr-based mixed oxide contains CeO, at a proportion of 20% to 45% by mole,
both inclusive, and

each of the primary particles of the ZrNd-based mixed oxide contains ZrO, at a proportion of 55% to 75% by mole,
both inclusive.

The catalyst-supported particulate filter of claim 1, wherein

each of the secondary particles is formed by cohesion of primary particles of activated alumina,

primary particles of the CeZr-based mixed oxide are dispersedly carried on the surface of each of the secondary
particles, and

each of the primary particles of the CeZr-based mixed oxide contains CeO, at a proportion of 15% to 60% by mole,
both inclusive.

The catalyst-supported particulate filter of claim 6, wherein the proportion of the primary particles of the CeZr-based
mixed oxide in the total amount of the primary particles of activated alumina and the primary particles of the CeZr-
based mixed oxide is 30% to 90% by mass, both inclusive.

The catalyst-supported particulate filter of claim 6 or 7, wherein each of the primary particles of the CeZr-based
mixed oxide contains CeO, at a proportion of 20% to 45% by mole, both inclusive.

The catalyst-supported particulate filter of any one of claims 6 to 8, wherein the rare earth metal R is at least one
selected from the group consisting of Nd, La, Prand Y.

The catalyst-supported particulate filter of claim 1, wherein

each of the secondary particles is formed by cohesion of a mixture of primary particles of activated alumina and
primary particles of the ZrNd-based mixed oxide,

primary particles of the CeZr-based mixed oxide are dispersedly carried on the surface of each of the secondary
particles,

each of the primary particles of the ZrNd-based mixed oxide contains ZrO, at a proportion of 55% to 75% by mole,
both inclusive, and

each of the primary particles of the CeZr-based mixed oxide contains CeO, at a proportion of 20% to 45% by mole,
both inclusive.

The catalyst-supported particulate filter of claim 1, wherein

each of the secondary particles is formed by cohesion of primary particles of the ZrNd-based mixed oxide,
primary particles of the CeZr-based mixed oxide are dispersedly carried on the surface of each of the secondary
particles, and

the proportion of the ZrNd-based mixed oxide in the total amount of the ZrNd-based mixed oxide and the CeZr-
based mixed oxide is 20% to 75% by mass, both inclusive.

The catalyst-supported particulate filter of claim 11, wherein

the ZrNd-based mixed oxide contains ZrO, at a proportion of 55% to 75% by mole, both inclusive, and
the CeZr-based mixed oxide contains CeO, at a proportion of 20% to 45% by mole, both inclusive.
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Patentanspriiche

1.

Katalytisch unterstiitzter Partikelfilter, bei dem eine Katalysatorschicht in einem Filterkérper auf den Wéanden von
Abgaskanalen zum Zurlickhalten von aus einem Motor ausgestoRenen Partikeln ausgebildet ist, wobei

die Katalysatorschicht ein Katalysatormaterial enthalt, das mindestens zwei Arten von primaren Partikeln gewahit
aus der Gruppe bestehend aus:

primaren Partikeln von aktiviertem Aluminiumoxid;

priméaren Partikeln eines ZrNd-basierten Mischoxids, das Zr, Nd und ein Seltenerdmetall M mit Ausnahme von
Ce und Nd enthalt; und

primaren Partikeln eines CeZr-basierten Mischoxids, das Ce, Zr und ein Seltenerdmetall R mit Ausnahme von
Ce enthalt,

enthalt,

das Katalysatormaterial ausgebildet ist,

- so dass primare Partikel des CeZr-basierten Mischoxids auf der Oberflache jedes von sekundaren Par-
tikeln, die durch Kohasion von mindestens einer Art von primaren Partikeln gewahlt aus der Gruppe be-
stehend aus primaren Partikeln von aktiviertem Aluminiumoxid und primaren Partikeln des ZrNd-basierten
Mischoxids gebildet sind, verteilt gelagert sind

- oder so dass primare Partikel des ZrNd-basierten Mischoxids auf der Oberflache jedes von sekundaren
Partikeln, die durch Kohésion von mindestens einer Art von primaren Partikeln gewahlt aus der Gruppe
bestehend aus primaren Partikeln von aktiviertem Aluminiumoxid und primaren Partikeln des CeZr-basier-
ten Mischoxids gebildet sind, verteilt gelagert sind und

Pt als katalytisches Metall auf den sekundaren Partikeln gelagert ist.

Katalytisch unterstiitzter Partikelfilter nach Anspruch 1, dadurch gekennzeichnet, dass jeder der sekundaren
Partikel durch Koh&sion von primaren Partikeln von aktiviertem Aluminiumoxid gebildet ist,

primére Partikel des ZrNd-basierten Mischoxids auf der Oberflache jedes der sekundaren Partikel verteilt gelagert
sind und

jeder der priméren Partikel des ZrNd-basierten Mischoxids ZrO, bei einem Anteil von 55 Molprozent (einschlieBlich)
bis 90 Molprozent (ausschlieRlich) enthalt.

Katalytisch unterstiitzter Partikelfilter nach Anspruch 2, dadurch gekennzeichnet, dass der Anteil der primaren
Partikel des ZrNd-basierten Mischoxids in der Gesamtmenge der primaren Partikel von aktiviertem Aluminiumoxid
und der primaren Partikel des ZrNd-basierten Mischoxid 20 bis 90 Masseprozent, beide Werte eingeschlossen,
betragt.

Katalytisch unterstiitzter Partikelfilter nach Anspruch 2 oder 3, dadurch gekennzeichnet, dass das Seltenerdmetall
M in dem ZrNd-basierten Mischoxid mindestens eines gewahlt aus der Gruppe bestehend aus La und Pr ist und
das ZrNd-basierte Mischoxid das Oxid M,05 des Seltenerdmetalls M bei einem Anteil von 20 Molprozent oder
weniger enthalt.

Katalytisch unterstitzter Partikelfilter nach Anspruch 1, dadurch gekennzeichnet, dass

jeder der sekundaren Partikel durch Kohasion einer Mischung von priméaren Partikeln von aktiviertem Aluminiumoxid
und primaren Partikeln des CeZr-basierten Mischoxids gebildet ist,

primare Partikel des ZrNd-basierten Mischoxids auf der Oberflache jedes der sekundaren Partikel verteilt gelagert
sind,

jeder der priméaren Partikel des CeZr-basierten Mischoxids CeO, bei einem Anteil von 20 bis 45 Molprozent, beide
Werte eingeschlossen, enthalt und

jeder der priméren Partikel des ZrNd-basierten Mischoxids ZrO, bei einem Anteil von 55 bis 75 Molprozent, beide
Werte eingeschlossen, enthalt.

Katalytisch unterstitzter Partikelfilter nach Anspruch 1, dadurch gekennzeichnet, dass

jeder der sekundaren Partikel durch Kohasion von primaren Partikeln von aktiviertem Aluminiumoxid gebildet ist,
primare Partikel des CeZr-basierten Mischoxids auf der Oberflache jedes der sekundaren Partikel verteilt gelagert
sind und

jeder der priméaren Partikel des CeZr-basierten Mischoxids CeO, bei einem Anteil von 15 bis 60 Molprozent, beide
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Werte eingeschlossen, enthalt.

Katalytisch unterstitzter Partikelfilter nach Anspruch 6, dadurch gekennzeichnet, dass der Anteil der primaren
Partikel des CeZr-basierten Mischoxids in der Gesamtmenge der priméaren Partikel von aktiviertem Aluminiumoxid
und der primaren Partikel des CeZr-basierten Mischoxid 30 bis 90 Masseprozent, beide Werte eingeschlossen,
betragt.

Katalytisch unterstiitzter Partikelfilter nach Anspruch 6 oder 7, dadurch gekennzeichnet, dass jeder der primaren
Partikel des CeZr-basierten Mischoxids CeO, bei einem Anteil von 20 bis 45 Molprozent, beide Werte eingeschlos-
sen, enthalt.

Katalytisch unterstutzter Partikelfilter nach einem der Anspriiche 6 bis 8, dadurch gekennzeichnet, dass das
Seltenerdmetall R mindestens eines gewahlt aus der Gruppe bestehend aus Nd, La, Prund Y ist.

Katalytisch unterstiitzter Partikelfilter nach Anspruch 1, dadurch gekennzeichnet, dass

jeder der sekundaren Partikel durch Kohasion einer Mischung von priméaren Partikeln von aktiviertem Aluminiumoxid
und primaren Partikeln des ZrNd-basierten Mischoxids gebildet ist,

primare Partikel des CeZr-basierten Mischoxids auf der Oberflache jedes der sekundaren Partikel verteilt gelagert
sind,

jeder der primaren Partikel des ZrNd-basierten Mischoxids ZrO, bei einem Anteil von 55 bis 75 Molprozent, beide
Werte eingeschlossen, enthalt und

jeder der priméaren Partikel des CeZr-basierten Mischoxids CeO, bei einem Anteil von 20 bis 45 Molprozent, beide
Werte eingeschlossen, enthalt.

Katalytisch unterstitzter Partikelfilter nach Anspruch 1, dadurch gekennzeichnet, dass

jeder der sekundaren Partikel durch Kohasion von primaren Partikeln des ZrNd-basierten Mischoxids gebildet ist,
primare Partikel des CeZr-basierten Mischoxids auf der Oberflache jedes der sekundaren Partikel verteilt gelagert
sind und

der Anteil des ZrNd-basierten Mischoxids in der Gesamtmenge des ZrNd-basierten Mischoxids und des CeZr-
basierten Mischoxids 20 bis 75 Masseprozent, beide Werte eingeschlossen, betragt.

Katalytisch unterstitzter Partikelfilter nach Anspruch 11, dadurch gekennzeichnet, dass

das ZrNd-basierte Mischoxid ZrO,, bei einem Anteil von 55 bis 75 Molprozent, beide Werte eingeschlossen, enthélt
und

das CeZr-basierte Mischoxid CeO, bei einem Anteil von 20 bis 45 Molprozent, beide Werte eingeschlossen, enthélt.

Revendications

Filtre a particules supporté sur catalyseur dans lequel une couche catalytique est formée sur les parois des conduits
de gaz d’échappement dans un corps de filtre destiné a piéger les particules sorties d’'un moteur, dans lequel la
couche catalytique contient un matériau catalytique contenant au moins deux types de particules primaires sélec-
tionnés a partir du groupe se composant :

des particules primaires d’oxyde d’aluminium activé ;

des particules primaires d’'un oxyde mixte a base de ZrNd contenant du Zr, du Nd et un métal terreux rare M
autre que le Ce et le Nd ; et

des particules primaires d’'un oxyde mixte a base de CeZr contenant du Ce, du Zr et un métal terreux rare R
autre que le Ce,

le matériau catalytique est formé

de sorte que les particules primaires de I'oxyde mixte a base de CeZr sont supportées de maniére dispersée
sur la surface de chacune des particules secondaires formées par cohésion d’au moins un type de particules
primaires sélectionnées a partir du groupe se composant des particules primaires d’oxyde d’aluminium activé
et des particules primaires de I'oxyde mixte a base de ZrNd ou de sorte que les particules primaires de I'oxyde
mixte a base de ZrNd sont supportées de maniére dispersée sur la surface de chacune des particules secon-
daires formées par cohésion d’au moins un type de particules primaires sélectionnées a partir du groupe se
composant des particules primaires d’oxyde d’aluminium activé et des particules primaires de 'oxyde mixte a
base de CeZr, et
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Pt est supporté comme un métal catalytique sur les particules secondaires.

Filtre a particules supporté sur catalyseur selon la revendication 1, dans lequel chacune des particules secondaires
est formée par cohésion de particules

primaires d’oxyde d’aluminium activée,

des particules primaires de I'oxyde mixte a base de ZrNd sont supportées de maniere dispersée sur la surface de
chacune des particules secondaires, et chacune des particules primaires de I'oxyde mixte a base de ZrNd contient
du ZrO, & une proportion de 55 % par mole inclus & 90 % par mole exclus.

Filtre a particules supporté sur catalyseur selon la revendication 2, dans lequel la proportion des particules primaires
de 'oxyde mixte a base de ZrNd sur la quantité totale des particules primaires d’oxyde d’aluminium activé et des
particules primaires de 'oxyde mixte a base de ZrNd est de 20 % a 90 % par masse, les deux valeurs incluses.

Filtre a particules supporté sur catalyseur selon la revendication 2 ou 3, dans lequel le métal terreux rare M dans
I'oxyde mixte a base de ZrNd est au moins un sélectionné a partir du groupe se composant de La et de Pr, et 'oxyde
mixte & base de ZrNd contient 'oxyde de M,0O5 du métal terreux rare M a une proportion de 20 % par mole ou moins.

Filtre a particules supporté sur catalyseur selon la revendication 1, dans lequel chacune des particules secondaires
est formée par cohésion d’'un mélange de particules primaires d’oxyde d’aluminium activé et de particules primaires
de I'oxyde mixte a base de CeZr,

les particules primaires de I'oxyde mixte a base de ZrNd sont supportées de maniére dispersée sur la surface de
chacune des particules secondaires, chacune des particules primaires de I'oxyde mixte a base de CeZr contient
du CeO, a une proportion de 20 % a 45 % par mole, les deux valeurs incluses, et chacune des particules primaires
de 'oxyde mixte & base de ZrNd contient du ZrO, a une proportion de 55 % & 75 % par mole, les deux valeurs incluses.

Filtre a particules supporté sur catalyseur selon la revendication 1, dans lequel chacune des particules secondaires
est formée par cohésion de particules primaires d’oxyde d’aluminium active,

des particules primaires de 'oxyde mixte a base de CeZr sont supportées de maniere dispersée sur la surface de
chacune des particules secondaires, et chacune des particules primaires de I'oxyde mixte a base de CeZr contient
du CeO, a une proportion de 15 % a 60 % par mole, les deux valeurs incluses.

Filtre a particules supporté sur catalyseur selon la revendication 6, dans lequel la proportion des particules primaires
de I'oxyde mixte a base de CeZr sur la quantité totale des particules primaires d’'oxyde d’aluminium activé et les
particules primaires de 'oxyde mixte a base de CeZr est de 30 % a 90 % par masse, les deux valeurs incluses.

Filtre a particules supporté sur catalyseur selon la revendication 6 ou 7, dans lequel chacune des particules primaires
del'oxyde mixte a base de CeZr contientdu CeO, a une proportion de 20 % a45 % par mole, les deux valeursincluses.

Filtre a particules supporté sur catalyseur selon une quelconque des revendications 6 a 8, dans lequel le métal
terreux rare R est au moins un sélectionné a partir du groupe se composant de Nd, de La, de Pretde Y.

Filtre a particules supporté sur catalyseur selon la revendication 1, dans lequel chacune des particules secondaires
est formée par cohésion d’'un mélange de particules primaires d’oxyde d’aluminium activé et de particules primaires
de I'oxyde mixte a base de ZrNd,

des particules primaires de 'oxyde mixte a base de CeZr sont supportées de maniére dispersée sur la surface de
chacune des particules secondaires, chacune des particules primaires de I'oxyde mixte a base de ZrNd contient
du ZrO, a une proportion de 55 % a 75 % par mole, les deux valeurs incluses, et chacune des particules primaires
del'oxyde mixte a base de CeZr contientdu CeO, a une proportionde 20 % & 45 % par mole, les deux valeurs incluses.

Filtre a particules supporté sur catalyseur selon la revendication 1, dans lequel chacune des particules secondaires
est formée par cohésion de particules

primaires de I'oxyde mixte a base de ZrNd,

des particules primaires de 'oxyde mixte a base de CeZr sont supportées de maniere dispersée sur la surface de
chacune des particules secondaires, et

la proportion de I'oxyde mixte a base de ZrNd sur la quantité totale de I'oxyde mixte a base de ZrNd et 'oxyde mixte
a base de CeZr est de 20 % a 75 % par masse, les deux valeurs incluses.

Filtre a particules supporté sur catalyseur selon la revendication 11, dans lequel I'oxyde mixte a base de ZrNd
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contient du ZrO, a une proportion de 55 % a 75 % par mole, les deux valeurs incluses, et
'oxyde mixte & base de CeZr contient du CeO, & une proportion de 20 % a45 % par mole, les deux valeurs incluses.
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